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PROCESSES ICR PBCOPCJ 


AND COKP1BC CARBOBYDRATIS 


QGUJfitLJEXlIfl 

This invention relates to a process for producing a 
carbohydrate which is useful for protection against 
infection of bacteria, viruses and the like, application to 
cardiovascular disorders and immmotherapy and to a process 
for producing a sugar nucleotide which is important as a 
substrate for the synthesis of the oooplax carbohydrate. 

BBCEGBQBHQJfcBX 

Enasples of the known process for producing sugar 
nucleotides include: 1) chemical synthetic processes (ddv. 

Csrbohydr. Cham. Rlocbms. , 28, 307 (1973), Bull. Cba m. Soe. 
Japan, AS, 3275 (1973) , J. Oxg. Oamn . , 52, 146 (1992) , 

u.uy *. 9 mm. , 242 , 69 (1993)); 2) production processes 

using anaymea {J. Oxg. Ch a m . , 55, 1834 (1990), J. Oxg. C2tmn . , 
S2, 152 (1992), J. 2m. Cham. Soc. , 11Q, 7159 (1988), Japanese 
Published Unexamined National Publication No. 508413/95, 
Japanese Published National Publication No. 500248/95, WO 
96/27670) ; 3) processes using microbial cells such as yeast 
and the like (Japanese Published Examined Patent Application 
No. 2073/70, Japanese Published Examined Patent Application 
No. 40756/71, Japanese Published Examined Patent Application 
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Me. 1837/72, Japanese Published Examined Patent Application 
He. 26703/72, Japanese Published Examined Patent Application 
No. 8278/74, Japa ne se Published Onexamined Patent Application 
No. 268692/90) ; and 4) an extraction process from microbial 
cells of halo-tolerant yeast ( J apan e se Published ttoexaminad 
Patent Application No. 23993/96) . 

However, the process 1) requires expensive materials 
(for example, morpholidate derivative of nucleotide - 
5 1 -monophosphate (referred to as "MMP" hereinafter) , sugar 
phosphate, etc.); the prooeas 2) requires expensive materials 
(for example, nucleotide-5’ -diphosphate (referred to as "NDP" 
hereinafter) , nucleotide-5' -triphosphate (referred to as 
"OTP" hereinafter) , phosphoaaolpyzuvate, etc. ) , and various 
enzymes (e.g. , pyruvate kinase, etc.); and the process 3) 
requires drying treatment of microbial cells. Includ in g the 
process 4) , all of the above - mentioned processes use 
expensive nucleotides, sugar phosphates, and the like or have 
a difficulty in affecting large scale production from the 
operational point of view, so that an industrial scale 
production process of sugar nucleotides has not so far bean 
established. 

Kxasples of the known process for produ cin g complex 
carbohydrate s include 1) chemical synthetic processes ( Hathod 
in Enzymnl. , 247 . 193 (1994), Anger. Cham. Int. Ed. Asgl. , 21, 
155 (1982), Cmzbohydjc. Ass., 211, cl (1991)), 2) processes in 
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which a hydrolase is usad (Anal. Biochma. , 222, 215 (1992) , 
Triads Blotechnoi. , £, 256 (1988)) and 3) processes 1a which 
a glyeosyltransferase is usad (Japanese Published Onaxamined 
Patent Application No. 79792/95, Japanese Published National 
Publication No. 500248/95, Japanese Published Ex a min e d Patent 
Application No. 82200/93, NO 94/25614, Japanese Published 
National Publication No. 503905/97, U.S. Patent 5,583,042). 

The introduction of protecting groups is essential 
for stereo-selective synthesis in the process 1) . The yield 
and selectivity are not sufficient in the process 2) . 
Expensive materials (for example, NDP, NTP, 
phosphoenolpyruvic acid, sugar phosphate, sugar nucleotide, 
etc.) and various enzymes (for azanple, pyruvate kin ase, 
etc.) are necessary in the prooess 3). Therefore, these 
processes have not bean established as inexpensive industrial 
production processes of complex carbohydrates . In addition, 
these has been nothing known about a prooess for the direct 
industrial production of ccoplax carbohydrates , which uses 
only inexpensive nucleotide precursors, sugars and ecnplax 
carbohydrate precursors as the starting materials. 

It has bean reported that TMP is produced in a 
microorganism belonging to the genus Corynebactarium whan 
orotic acid is added (Amino Acid, NUelele Acid, 23, 107 
(1971) ) . In addition, a prooess in which pytidine 
diphosphate choline is formed from orotic acid as the 
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material is also known (Japanese Published Uhexamined Patent 
Application Mo. 276974/93) . 

nTSTT/wnwi af the ravmriCM 

An abject of the present invention is to provide a 
process for produoing a complex carbohydrate which is useful 
for protection against infection of b ac ter ia, viruses, and 
the like, application to cardiovascular disorders and 
inmino therapy, and a process for producing a sugar nucleotide 
which is important as a substrate for synthesising the 
cooplex carbohydrate at a low oost and efficiently. 

The inventors of the present invention have co n d uc ted 
intensive studies on the microbial production of a oaqplex 
carbohydrate and a sugar nucleotide using a nucleotide 
precursor as the starting material , and have found as the 
results that a sugar nucleotide can be produced by using only 
a nucleotide precursor and a sugar as the material a, that 
productivity of the sugar nucleotide can be improved fay 
strengthening expression of genes involved in its 
biosynthesis and that a coupler carbohydrate oan be produced 
efficiently, using a microorganism capable of produci n g the 
sugar nucleotide and a miccoorganiam, an animal cell or an 
insect l capable of produoing the coupler carbohydrate 
from a sugar nucleotide and a cosplax carbohydrate precursor 
snd using a nucleotide precursor, e sugar and a complex 
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carbohydrate precursor as the only starting materials, 
thereby resulting in the accomplishment of the present 
invention . 

The present invention provides a process for 
producing a complex carbohydrate, which cassises: selecting, 
as ensyme sources , a) a culture broth of a microorganism 
■ of producing NTP from a nucleotide precursor, or a 
treated product of the culture broth, b) a culture broth of a 
microorganism capable of producing a sugar nucleotide from a 
sugar and NTP, or a treated prod u ct of the culture broth, and 
e) a culture broth of a microorganism, an a nima l cell or an 
insect cell capable of producing a ocsplax carbohydrate from 
a sugar nucleotide and a oouplex carbohydrate precursor, or a 
treated product of the culture broth; allowing the ensyme 
souroes , the nucleotide precursor, the sugar and the coupler 
carbohydrate precursor to be present in an aqueous m e dium to 
form and accumulate the ecsplex carbohydrate in the aqueous 
medium; re cov ering the coupler carbohydrate from the 

medium, a procass for prod u ci n g a sugar nucleotide, 
which eesprises: selecting, as ansyma sourcas, a) a culture 
broth of a mi cr oo r g a nism capable of producing NTP from a 
nucleotide precursor, or a treated produet of the culture 
broth, and b) a culture broth of a microorganism capable of 
producing a sugar nucleotide from a sugar and NTP , or a 
treated product of the culture broth; allowing the ensyme 
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souras, the nucleotide precursor and tha sugar to ba peasant 
in an aqueous msdium to font and accumulate tha sugar 
nuelaotids in tha aqueous medium; and raeovaring tha sugar 
from tha aquaous aadium/ and a procass for 
producing a carbohydrata, which comprises: selecting, 

gosyn 8ouro6; a cultures bloth of a microorganism , an 
Mini w+ 1,1 or an insact call capab l a of prod uc i n g a copies 
oarbohydrata from a sugar nuoleotide and a capias 
carbohydrata pracursor , or a treated product of tha culture 
broth; allowing tha enzyme souroa, tha sugar nucleotide 
obtained by tha above-described process for producing a sugar 
n v-i ud the oooplax carbohydrate pracursor to ba 

prasant in an aqueous medium to fom and acenmlata tha 
carbohydrate in the aqueous medium; and raeovaring 
tha cosplaK carbohydrata fra the aqueous madia. It also 
provides a proass for pro duci ng W-aatylgl uc os wmi n e-1- 
phosphate, which ocoprisas selecting , a a an ansyma soura, a 
^ . ,1 H.ro broth of a microorganism having strong galaetoklmase 
activity, or a treated product of tha culture broth; allowing 
tha ansyma soura and H-aatylgluoossmine to be prasant in an 
aqueous medium to form and aooissulata M— soatylglucossmine 1 
phosphate in tha aqueous madia; and raeovaring tha 
N-aatylglucosamina 1 “phosphate fra the a q ueous medium. 
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MTW nwflmiPTIOM OP rag drawings 

Fig. 1 shows construction stops of aiq?reoaion 
plasmids p?A31 and pPAC31. 

Fig. 2 shows construction stops of galU, ppa gana 
expression plasmids pNT12 and pNT32 . 

Fig. 3 shows construction stops of galT, galK ganm 
axprossion plasmid pNT25. 

Fig. 4 shows construction stops of plasmid pTK7 which 
aiq^rasses galT and galK ganas in Cozynmbactariua mn a nni a g w ntttt . 


Fig. 5 shows construction stops of glsO, ppa gana 
expression plasmid pMT14. 


Fig. 6 shows construction 

stsps 

of 

pgm 

gone 

expression plasmid pMT24. 

Fig. 7 shows construction 

staps 

of 

glxM 

gene 

expression plasmid pMT44. 

Fig. 8 shows construction 

stops 

of 

glk 

gene 

expression plasmid pNT46. 

Fig. 9 shows construction 

stsps 

of 

pfkB 

gene 

expression plasmid pMT47. 

Fig. 10 shows construction 

stops 

of 

galK 

gene 


expression plasmid pNT54. 

Fig. 11 shows construction steps of manB, manC gana 
expression plasmid pNK7. 

Fig. 12 shows construction stops of pgm, pfkB gana 
expression plasmid pNT55 . 
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Fig. 13 show* construction stops of pad, wcafl gnna 


expression plasmid $NX8. 

Fig. 14 shows construction 

stops 

of 

neuA gone 

expression plasmid pTA14. 

Fig. 15 shows construction 

steps 

of 

lgtC gene 

expression plasmid p®3- 

Fig. 16 shows construction 

stops 

of 

lgtB gene 


expression plasmid pNT60 . 


Abbreviations to be used herein and description of 
the abbreviations are shown in Table 1-(1) •** Table l-(2> . 
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Glo 

G-6-P 

O-l-P 

Ole-1 ,6-P2 

Pel 

Qal-l-P 

OlcM-6-P 

OlcM-l-F 

GlcPA 

GlcM 

QlcMAC 

GlcHAc-l-P 

P-6-P 

P-l,6-P2 

Man 

Man-S-P 

Man-l-P 

GDP-4-keto-6-deo*yKan 

ManMAc 

MQuAc 

acetyl CoA 

OTP 

HP? 

KMP 

ATP 

OTP 

OTP 

CTP 

GMP 



sphate 


lueoaa-1 , 6 -diphosphate 



sphate 


glucoaanina-6-phoaphate 




glucuronic acid 


luooaamina 


N-acetylgluooaaalne 


wyr>vi->7 i 


sphate 


fructosa-1 , 6 -diphosphate 


sphate 


mannoae-l-phosphate 


guanosiae-5 1 -diphospho- 
4-keto-6-deoxynannoso 


N-aeotylmannosamine 


H-aoetylneuraainlc acid 


acetyl coenxyne A 


micleotide-5 1 - triphosphate 


nucleotide-5 1 -di; 


nucleotide-5 1 -aonopho 


adenosine-5 ' -tripho 


uridine-5 1 -triphosphate 


osina-5 1 -tripho 


cytidina-5 1 -tripho 


quanoaine-5 1 monophosphate 









































UDP-Glc 


ODP-Oal 

PPP-OldOto 

TOF-CalMAo 

tPP-OlcPBt 

GDP-Man 

g>P-Pue 

CMP-NauAc 

qalP 

IS 


Tabla l-(2) 

ur-i «« na-5 1 -diphoaphoqlucosa 

ugidina«5 1 -dlphoaphoqalaotoaa 

ngidina-S’ -diyhoreho-H-aoatylqlucoaaifllna 

urldlna-5 ' -^Iphoipho-H-aoatylqalactoaanina 

agj ' -dlphoaphoqlucuronic add 

gmaoilfli’ 5 1 *diphoiphcP inn oii 

gmnog|wn^5 1 — dipho iphofuc o m 

cyfcldina-5 1 -aonophoBpho-M-aoatylnaaranilnic aoid 
glucoaa -1-phoaphata urldyltranafaraaa 

(inorganic) pyropho«phttMB 


q«IK 

qmlT 

glaD 

P9* 


qalaotoklnaaa 

qalactoae-l~phoaphata uridyl tranafaraaa 

N-Mttyl 9 lueetaBiaa*l*pheiphata uridylfcra n afaraaa 
q i„^.>m< w ^-l- g hoaphata aoatyltganafaraaa 

phoaphoglucantutaae 


£2® 


phoaphofguctokinaaa 


glaM 

gl* 


nanC 


god 


r^^gph oqlucoaamina ma t a a a 

glueokinaaa 

phoaphamannoBmtaaa 

Mwwnan-i-pho^phata quanyltranafaraaa 
, 6-dataydrataaa 


woafi 


CDP-4-kato-6-dBoxyniannoaa ap 


i/«aductaaa 


naA 

nauB 

naiA 

£9E® 

IgtB 

igtc 

ugd 


CMP-H-acatylnauraadnio aoid aynthataaa 
K-acatylnauraninic acid aynthaaa 


M— acid al d olaaa 


cvtidina-5 1 -triphoaphafca aynthataa 


61 , 4 -galaotoayltganafaraaa 


ol , 4 -gmlaotoayltganaf araaa 


qpp-glucoae dahydroganaao 

























to the present invention, « novel 
production prooess of a sugar nucleotide and a novel 
production process of a conplax carbohydrate using the sugar 
nucleotide production process con be provided, whitih are 
Characterised in that 1) espensive materials (for eaaaple, 
HTP, sugar phosphates, etc.) are not required, and 
inexpensive nucleotide precursor and a sugar can be used as 
the sole starting notarial., 2) addition of eupensive 
phosphoenolpyruvic aoid and pyruvate kinase is not necessary 
in converting NMF or HDP into NTP, and 3) a process for the 

isolation of anaymaa i a not necaasary. 

With ngard to tha sugar nuolaotida to ba produced by 
the production process of the present invention, cc^ounds 
having a general structure in Which the terminal phosphate 
group of a nucleoside 5 '-diphosphate residue and the 
group of a sugar residue are linked together by 
bonding can be eassplified, and thoae ccapounds in 
which tha nuolaotida residua is cytidino 5 '-monophosphate and 
the sugar residua is a polyol are also included in the sugar 
to be produced by the present invention. 

p-iL of the ecoplax carbohydrate to be produced 

by the production prooesa of the present invention include 
coapounds in Which carbohydrates axe bound to monosaccharides , 
oligosaccharides, monosaccharides or oligosaccharides linked 

to a carrier or the like, proteins, paptides, lipids, 
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glycoproteins , glyoolipids , glycopep tides, steroid ccmponnris 
or the like. 

The present invention will be described in deteil 

below. 

1) With regard to the mi cr oo r g a nism for use in the 

present invention capable of producing NTP from a nucleotide 
precuraor, any microorganism capable of prod u c in g NTP from a 
nucleotide precursor can be used. Exanples inc lu d e 

microorganisms belonging to the genus Escherichia and the 
genus Gorynabacterium . 

The mic ro o r ganisms belonging to the genus Escherichia 

Escherichia coli and the like. 

The microorganisms belonging to the genus 
include Corynahacteriian asmeniaganea and the 

like. 

2) As the microorganism for use in the present 
invention aapable of producing a sugar nucle otide from a 
sugar and NTP, any mioroorganiam having the activity to form 
the sugar nucleotide of interest can be used as follows. 

2)-(i) With regard to the production of ODP-Glc, it 
ia preferred to use a microorganism having strong enzyme 
activities of (1) to (4) shown in the following formula 1. 

Specifically, microorganisms belonging to the genus 

rfc i » and the genus CoiynshiirMrim can ba exsmplified. 
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Specific examples include Esehmxiehia coll and 
Cbrynabaeterium aanealsgans*. 

In adrii tion, a transformant in which at laaat one of 
the enzyme activities aalaotad from (1) , (2) , (3) and (4) ara 
inczaasad by recombinant DMA tachnlquaa can also ba used. 
Specific examples of the transformant include EmahmrlahlM 
coll KY8415 (ISM BP-408) having recombinant DMA (pMT12) 
which contains galU and ppa ganas derived from TmrhmrlahlM 
coll, and the like. 


( 1 ) ( 2 ) 
Glucose -* G-6-P -* 

Pyrophosphoria aoid 


(3) 

G-l-P -* tJDP-Olc 
(4) 

-» 2 x Phosphoric acid 


(Formula 1) 


(1) : Hwxokinaaa (EC 2. 7. 1.1) or glucokl n as a (EC 2. 7. 1.2) 

(2) : Phosphogluecoutase (EC 2.7.S.1) 

(3) : Glucoae-1 -phosphate uridyl transfaraao (BC 2. 7. 7. 9) 

(4) : (Inorganic) pyrophosphatase (EC 3. 6. 1.1) 

2)-(ii) With regard to the prod u c t ion of ODP-Qal, it 
is preferred to use a microorganism having strong ensyme 
activities of (5) and (6) shown in the following formula 2, 
preferably further having strong ansyme activities of (1) to 
(4) shown in the abo v e-mentioned formula 1. 

Specifically, microorganisms belonging to the genua 
Ebcharichia and the genus Corynebsctariiaa can be exemplified. 
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Specific axenples include s*ehmriehiM coll and 
Oozynabaeterltai mmaaiagmaea. 

In addition/ a transformant in which at leaat one of 
the enzyme activities selected from (5) and (6) , or at leaat 
one of the anzyme activities selected from (5) and (6) and at 
least one of the enzyme activities selected from (1) to (4) , 
axe increased fay recombinant DMA techniques can also be used. 
Specific examples of the transformant inclu de X mc hmr i ehin 
mH NM522 having recombinant OKA (pMT25) which contains galT 
and galX genes derived from Escherichia cell and 
Chzynahactariimi asnoniagenes ATCC 21170 having recombinant 
DUX (pTK7) which contains galT and galX genes derived from 
Escherichia co ll. 


(5) (6) 

Galactose — » Gal-l-P — » ODP-Gal 


(Formula 2) 


(5) : finT ertnftinase (EC 2 . 7 . 1 . 6) 

(6) : Galactose- 1 -phosphate uridyltranaf erase (EC 2.7.7.12) 


2) - (iii) With regard to the production of UDP-GlcNAc, 
it is preferred to use a microorganism having strong ensyme 
activities of (7) to (12) shown in the following formula 3 
and having a strong enzyme activity of (4) shown in formula 1, 
or a mi cr oorg a nism having strong ensyme activities of (13) 
and (10) shown in formula 3. 


- 14 - 



Specifically, microorganisms belonging to the genua 
Ssebariehl* and the genus Coxyaabaetarlim ean be exemplified. 
Specific aocanplea include Escherichia coll and 
Cozynaba cfrerlum amaaaiagmams. 

In addition, a transformant in whiah at least one of 
the anijaa activities selected from (4) , (7) , (8) , (9) , (10) 
and (13) are increased by recombinant DNA tec hn iques can also 
be used. Spedfio examples of the transformant include 
s«wK«n>hij call IMS22 having recombinant ENA (pNT44) which 
contains galxM gene derived from Escherichia c o ll, 
Escherichia coll K78415 having recombinant ENA (pNT14) which 
contains glaD and ppa genes derived from E sc her ichia cell, 
call 184522 having recombinant ENA (pNT46) which 
oontains glk gene derived from Escherichia col i, Escherichia 
coll HM522 having reaosfeinant ENA (pNT54) which contains galK 
gene derived from Escherichia ooli, and the like. 

Although it is necessary to add Gle-1,6-F2 for the 
expression and inorament of the pheaphoglueosaaine mutaee 
activity of (8) (J. aid. Chsm. , 221, 32 (1996)), it is 

possible to provide Glc-1,6-P2 from G-6-P and F-6-P without 
mriMirtg ole-1 , 6-P2 by using a transformant in which the enryms 
activities of (11) and (12) are inoreased by recombinant ENA 
techniques. 

qpaw-j'F-iw axasples of such a transformant include 
g«^«nVhjj coll NM522 having recombinant ENA (pMT24) which 
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contain* pgm gene darivad from Escherichia coll, EfflbasicdUa 
ff »H MM522 having reeaobinant DNA (pNT47) which co n tai n * pfkB 
gana derived fn* Escherichia coll, Kiflbaziehi* col i NHS22 
having caeaobinant DNh (pNT55) which contain* pgm and pfkB 
gana darivad from ci coll, and tha like. 

The process in whiah expression of the 
phosphoglucossmine mutase activity of (8) i* increased by 
providing Glc-1,6-P2 from G-6-P and F-S-P using the enzyme 
activities of (11) and (12) is a process disclosed for the 
first time fay tha present invention. 

Tha procass in which GldOc-l-P is produced from 
OlcMhe using tha galactokinase (SC 2. 7. 1.6) of (13) is a 
prooass disclosed for the first tins by the present invention. 
It is possible to produoa GldOkc-l-P fay using the prooass. 
That is, GldOlc-1-P "»n ha produced by using a culture broth 
or a treated product of tha culture broth of a microorganism 
having strong galactokinase activity, such as a microorganism 
which <w»fra<na recombinant DNh consisting of a DMA fragment 
AAy.f« w j • gelK-ancoding gene and a vector, as an ensyme 
source, allowing tha enzyme source and OldRc to be present 
in an aqueous *— *** »■ to form and accumulate GlcNAo~l~P in the 
aqueous medium, and recovering the thus-obtai n ed GlcNRc-1-P 
from the aqueous medium. 
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Recovtry of GlcNAc-l-P from the aqueous m ediu m can be 
carried out in the usual way in which activated c a rbon , an 
ion exchange resin, and the like are used. 


(lozsula 3) 


(7) : Hexokinase (SC 2. 7. 1.1) or gluookinase (EC 2. 7. 1.2) 

(8) : Fhosphogluoosamine mutase 

(8) : Glucosamine^l-phosphate acatyltransferase 

(10) : N-Acetylgluoosamine-l-phosphate uridyltransferase (EC 

2.7.7.23) 

(11) : ghosphofructokinase (EC 2.7.1.11) 

(12) : Phosphoglucooutase (EC 2. 7. 5.1) 

(13) ; Galaetokinase (EC 2. 7. 1.6) 



2) - (iv) With regard to the production of UDP-GalNkc, 
it is preferred to use a microorganism having strong ansyme 
activities of (7) to (12) shown in formula 3, of (14) shown 
in formula 4 and of (4) shown in formula 1, or a 
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microorganism having strong enzyme sotivitios of (10) and 
(13) shorn in formula 4 and of (14) shorn in formula 4. 

Specifically, microorganisms belonging to the genus 
and the genus Cosynebacteritim can be e mipl i f I e d . 
a p+rri'p**’ examples lnoluda Escher ichia c o li and 

Oorynebacterium aononlaganes. 

Zn addition, a transformant in which at least one of 
the enzyme activities seleeted from (7) to (14) and (4) are 
increased by recombinant DNh techniques can also be used. 


(14) 

ODP-GlcNhc «» UDF-GalNAc 


(Formula 4) 


(14): ODP-Olesne 4-epimaraae (EC 5. 1.3. 7) 


2)-(v) With regard to the production of ODP-GlcDA, it 
is preferred to use a microorganism having strong ensyme 
activities of (1) to (4) shown in formula 1 and of (15) shown 
in f omuls 5. 

Specifically, microorganisms belonging to the genus 
Escherichia and the genus Oorynabacterium can be exemplified. 
Specific examples include Esc her ichia eoli and 
Goxynabaetarium aanoniaganas. 

In addition, a transformant in which at least one of 
the enzyme activities selected from (1) , (2) , (3) , (4) and 
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(IS) 


■ f niBnrl by reeoobinant DNA techniques can also ba 


uaad. 


(15) 

ODP-Glc -* UDP-GlcOA 


(15) : ODP-Glc dehydrogenase (EC 1.1.1. 22) 


(Formula 5) 


2) - (vi) With regard to the production of GDP-Man, xt 
ia praf erred to uaa a mloroorganiam having atrong an syme 
activitiaa of (16) to (18) shown in the following formula 6 
and of (11) and (12) ahown in formula 3. 

Specifically, microorganima belonging to the ganua 

and tha ganua Corynabactarlw oan ba iflifiad. 

Specific include Eacharichia coll and 

Cerynabacteriian arniwnia genaa. 

In addition, a transformant in which at least one of 
tha enzyme activities selected from (16) , (17) and (18) are 

by reeoobinant OKA tadhniguaa can also ba uaad. 
Specific t-t 1 "* of tha tranaformant include Escherichia 
DM522 having sacoabinant DUX (pNR7) which contain# manB 
•nd — ganaa darivad from Escherichia co 11, Eacharichia 
DM522 having recombinant DNA (pMT46) which contains glk 
derived from Eacharichia co 11, and tha like. 

Although it is neaessaxy to add Gle-1,6-P2 for tha 
and increment of tha phoaphomannoamtasa activity 


of (17) by reoodbinant ONA techniques, it is possible to 
provids Gle-1,6-P2 from G-6-P and F-6-P without addin g Gle- 
1, 6-P2 fay using s transformant in which tho ensyme aetivitiss 
of (11) and (12) aro incrsaaad fay roocobinant DMA techniques. 
Specific exaaqples of such a transformant inoluda Eachmrichia 
coli 196522 having recombinant DMA (pMT24) which oontains pgm 
gana darivad from Escherichia call, XsrtmrichiM coli NM522 
having recombinant OSH (pMT47) which oontains pfkB gana 
darivad from bcbadcbla coli, S t ch ar ichia coll NM522 having 
reccotoinant DMA (pNTS5) which contains pcpn and pfkB ganas 
darivad from Escherichia coli, and tha lika. 

Tha proeass in which expression of tha 
phosphcaannnmutase activity of (17) is incraasod fay providing 
Glo-1 , 6-P2 from C-6-P and F-6-P using tha ansyma activities 
of (11) and (12) is a process disclosed for tha first time fay 
tha present invention. 


(16) (17) (18) 

Mannose -* Man-6-P -► Man-l-P -• flDP-Man 


(Formula 6) 


(16) : Bexokinaae (EC 2. 7. 1.1) or glucokinase (EC 2. 7. 1.2) 

(17) : Phosphomannomutasa (EC 2. 7.9, .7) 

(18) : Mannose-l-phosphate guanyl transferase (EC 2.7.7. 13) 
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2) - (vii) With regard to the production of GDP-Fue, it 
is preferred to use a microorganism having strong ensyme 
activities of (19) and (20) shorn in the following formula 7, 
of (16) to (18) shown in formula 6 and of (11) and (12) shown 
in formula 3. 

Spe cif ically, microorganisms belonging to the genus 
Escherichia and the genus Qujmbiotuiim can be emseplified. 
Specific examples include Escherichia coll and 
Carynebactarium 

In addition, a transfomnant in which at least one of 
the enryme activities selected from (16) , (17) , (18) , (19) 
and (20) are increased by re com b in a n t SNA techniques can also 
be used. Specific examples of the transfomnant include 
E sche r i chia cell NM522 having recombinant ONE (pNK7) which 
contains manB and manC genes derived from Escherichia coll, 
E sc her ichia cell NMS22 having recombinant DNA (pNK8) which 
contains grad and weafi genes derived from Escherichia coJi , 
Escherichia eoli MM522 having recombinant Dm (pNT46) which 
contains glk gene derived from Escherichia coll, and the like. 

Although it is necessary to add Glc-1,6-P2 for the 
expression and increment of the phosphcmannomutase activity 
of (17) by recombinant Dm techniques, it is possible to 
provide Glc-1,6-P2 from G-6-P and F-6-P without adding 
Glc-1,6-P2 by using a transformant in which the enayms 


activities of (11) and (12) are increased by recombinant DNX 
techniques. 

Specific exanples of such a transformant include 
Escharichla coli NM522 having recombinant SKA (pNT24) which 
contains pgm gene derived from JEscherlchia coli, Escbarichia 
coli IM522 having r e ccnbin a n t DNh (pMT47) which contains pfkB 
gene derived from Escharichla coli, Escherichia coli NMS22 
having reccnbinant DNA (pNT55) which contains pgs and pfhB 
genes derived from Escherichia c o li, and the like. 


(19) (20) 

GDP-Han -» GDP-4-keto-<-deoxyMsn -*■ ®P-Pue 


(Formula 7) 


(19) : GDP-Man-4 , 6-dahydratase (1C 4.2.1.47) 

(20) : GDP-4-koto-6-deoxymanno#e apimerase/red uc tasa 

2) - (viii) With regard to the production of CMP-MeuAc, 
it is preferred to use a microorganism having strong ensyms 
activities of (21) , (22) or (23) , (24) and (25) shown in the 
following formula 8. 

Specifically, microorganisms belonging to the genus 
1 m and the genus Corynabscterium can be exanplif led . 
Specific examples include Escherichia c o li and 
OorynahsnteriisB amirinlaganes. 
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In addition, a transformant in which at least ona of 
tha enxyme aetivitiaa aalaetad from (21) , (22) , (23) , (24) 
and (25) are increased fay recombinant DNA techniques can alao 
be used. axssples of tha tranafoanant include 

Escherichia coll C600 having raoaabinant DHA (pNALl) which 
nanA gene derived from Escherichia coll {Appl. 
Environ. Microbiol. , SI, 562 (19B6) ) , Escherichia co li 18022 
having recombinant DKA (pTAl4) which containa neuA gene 
derived from Eschmrlnhis coll, and tha like. 



(22) 

(21) 

or (23) (24) 

GlCNAc -» ManNAe 

-» IteuAc — > CHP-NeuAc 

(25) 


OTP -* CTP 



(formula 8) 


(21) : QlcKAc 2-spimerase (EC 5. 1.3. 8) 

(22) : HauAc aldolase (EC 4. 1.3. 3) 

(23) : IteuAc synthetase (EC 4.1.3.19) 

(24) : CMP-HeuAc synthetase (EC 2.7.7.43) 

(25) : CTP synthetase (EC 6. 3. 4. 2) 

Khan a microorganism has both of the properties of 
microorganisms described in 1) and the properties of 
microorganisms described in 2) , it is possible to produce a 
sugar nucleotide from a nucleotide precursor and a sugar 
using tbs microorganism. 


- 23 - 


a UTF 




yj*' 



It ia possible to produce CDP-Glc from 
precursor such as orotic acid or the like and glucose using a 
microorganism which has both of the properties of 
microorganisms described in 1) and the properties of 

mi cr oorganisms described in 2) - (i) ; ODP-Gal from a OTP 
precursor such as orotic acid or the like and galactose using 
a microorganism which has both of the properties of 

microorganisms described in 1) and the properties of 

microorganisms described in 2) - (ii) ; ODP-GleNJko from a OTP 
precursor such as orotic acid or the like and glucosamine or 
N-acetylgluoosamine using a microorganism which has both of 
the properties of microorganisms described in 1) and the 
properties of microorganisms described in 2) - (iii) ; 
UDP-GaUOc from a OTP precursor such as orotic acid or the 
like and glucosamine or N-acetylgluoosamina using a 
microorganism which has both of the properties of 

microorganisms described in 1) and the properties of 

microorganisms described in 2) - (iv) ; UDP-GlcUA from a OTP 
precursor such as orotic aeid or the like and glucose using e 
microorganism which has both of the properties of 

microorganisms deseribed in 1) and the properties of 

microorganisms described in 2) - (v) ; GDP-Man from a OTP 
precursor such as 90 or the like and mannose using a 
microorganism which has both of the properties of 

microorganisms described in 1) and the properties of 
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microorganisms described In 2) - (vi) ; GDF-Pue from a OTP 
precursor such as CMP or the like and mannosa using a 
mi cr oo r g a nism which has both of tha properties of 

aieroorganisms described in 1) and tha properties of 

mi cr oo rga nism* described in 2) - (vii) ; and CMP-MsuAc from a 
CTF precursor such as orotic acid or tha like and 

N-aoatylglueosamine or N-acetylaannosamine using a 
microorganism which has both of the properties of 

microozganians described in 1) and the properties of 

mic r oorganisms described in 2) - (viii) . 

Specific ambles of such microorganism include 

Coxynabmctarivm capable of expressing galT and 

galX genes derived from JEsefaariehia call. 

Unlike the case of the above-mentioned strain, whan a 
single strain has only a part of activities required for 
producing a sugar nucleotide, the sugar nucleotide can be 
produced by optionally combining microorganisms having 
respective activities . 

The properties described in 1) are net necessarily 
owned by e single aicroorganims, and two or more 
aieroorganisms in which the properties described in 1) are 
indapendently located can also be used as the microorganism 
having the properties described in 1) . Specifically, a 

combination of Esehorichla coli capable of expressing 
XSeberichia col i- derived pyzG gene with Corynabacfcaritan 
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aamoaiMgmaam (Japanese Published Onaxamined Patent 
Application Ko. 276974/93) is exsaplifiad. 

Zn the sane Banner, the mi cr oo r g a nism having the 
properties described in 2) is not necessarily a single 
microorganism and the properties ean independently be owned 
by taro or more microorganisms. By optionally combining the 
microorganisms , each sugar nucleotide of interest ean be 
produced. 

For example, it is possible to produce UDP-Glc from a 
OTP precursor such as orotic acid or the like and glucose 
using a microorganism which has the p r operties of 
microorganism described in 1) and at least one microorganism 
having the properties described in 2) - (i) ; ODP-Gal from a OTP 
precursor such as orotic acid or the like and galactose using 
a microorganism which has the properties of mic r oo r g a nisms 
described in 1) and at least one microorganism having the 
properties described in 2) - (ii) ; ODP-Gld&e from a OTP 
precursor such as orotic add or the like and gluoosamine or 
N-aoetylglucosamine using a microorganism which has the 
properties of microorganisms described in 1) and at least one 
microorganism having the properties described in 2) - (iii) ; 
ODP-OalMe from a OTP precursor such as orotic acid or the 
like and glucosamine or N-aoetylglucosamine using a 
microorganism which has the properties of microorganisms 
described in 1) and at least one microorganism having the 
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properties described in 2) - (iv) ; UDP-SloUA from s OTP 
precursor such as orotic acid or the like and glucose using a 
microorganism which has the properties of microorganisms 
described in 1) and at least one microorganism having the 
properties described in 2)* <v) ; GDP-MSn from a OTP precursor 
such as Off or the like and mannose using a mi c roorg a nism 
which has the properties described in 1) and at least one 
microorganism having the properties described in 2) - (vi) ; 
GDP-Fuc from a OTP precursor such as Off or the like and 
mannose using a microorganimn which has the properties 
described in 1) and at least one microorganism having the 
properties described in 2) - (vii) ; and CMP-ltauAc from a CTP 
precursor such as orotic acid or the like and 

N-aoatylglucosamine er N-aoetylmannosamiae using a 

microorganism which has the properties described in 1) and at 
least one microo r ganism having the properties described in 
2) - (viii) . 

As described in the foregoing, recombinant 
microorganisms can be used in the production of sugar 
nucleotides, and the genes shown in Table 2 related to the 
production of sugar nucleotides have bean cloned from the 
chromosome of EaebmziebiM eoli and their complete nucleotide 
sequences have been determined. 
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Table 2 


' v^v 



Genes 

References 

galU gene 

J. Biocbaa. , HA, 965 (1994) 

FP* ***** 

J. Bacterial., 120, 5901 (1988) 

galK gene 

Jtaeleic Adds Res. , 13, 1841 (1985) 

galT gmnm 

JVbeleic Adds Res. , 18, 7705 (1986) 

glaD gene 

J. Bacterial., 125, 6150 (1993) 

pgn gone 

J. Bacterial., 1Z8, 5847 (1994) 

pfkB gene 

Gene, 28/ 337 (1984) 

glaM gene 

J. Biol. Cbsm. , 221, 32 (1996) 

glk gene 

J. Bacterial. , 128/ 1298 (1997) 

manB gene 

J. Bacterial. , 128/ 4885 (1996) 

manC gene 

<7. Bacterial., 128, 4885 (1996) 

fpod Qttnft 

J. Bacterial., 128/ 4885 (1996) 

weaG gene 

<7. Bacterial. , 178. 4885 (1996) 

neuA gene 

•7. Biol. Cbsm., 284, 14769 (1989) 

neuB gene 

J. Saotorxol. , 122, 312 (1995) 

nanA gene 

nucleic Adds Res. , 13, 8843 (1985) 

pyrG gene 

J. Biol. Cbsm. , 281, 5568 (1986) 

ugd gene 

J. Bacterial. , 122 , 4562 (1995) 


Various procedures related to recombinant DM 
techniques, such as isolation and purification of plasmid DMA 
from Baahmrichis coll having a plasmid which contains the 


genes, cleavage of the plasmid DMA with restriction enzymes. 
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isolation and purification of tba cleaved DMA fragments, 
ensymatic lining of tha ONA fragments and transformation of 
coll using raeeoibinaat DMA, ean be earriad out in 
accordance with known procassas (for example, J. Sambrook at 
al. , Molecular Cloning, A Laboratory Manual, second edition. 
Cold Spring Harbor Laboratory (1989) ) . In addition, tha 
polymerase chain reaction (referred to as "SCR" hereinafter) 
can be carried out, for exaaple, using T herm a l Cycler 
manufactured by Ferkin-Elmar-Cetus . 

Expceasion of a gene related to tha production of a 
sugar nucleotide in a host ean be effected by a p r oce dur e in 
which a OHA fragment containing the gene is obta in ed as an 
appropriate length of DMA fragment containing the gene using 
restriction ensymes or SCR and then the thus formed DMA 
fragment is inserted into downstream of the promoter of an 
expression vector, and the DMA-inserted expression vector is 
introduced into a host cell which is suited for the 
expression vector. 

Every microorganism ean be used as the host, so long 
as it can express the gene of interest. Examples include 
microorganisms belonging to the genus Escherichia, serratia, 
CSorynabacterxim, Brevibactarium, Pseudomonas, B ac illus and 
the like, as well as yeasts belonging to the genus 
Saceharonycas, Candida and the like. 
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With regard to the egression vector to be used, 
those having an ability to replicate autonomously In the 
above-described host or to be Integrated into chro mosome , and 
a promoter at the position at which transcription 
of the gene related to the production of a sugar nucleotide 
can be effected, may be used. 

When the above-mentioned microorganism is used as the 
host, it is preferred that the expression vector of a gene 
related to the production of a sugar nucleotide can be 
replicated autonomously in the microorganism and that, at the 
aama time, the expression vector comprises a premotor, a 
ribosome-binding sequence, the gene related to the production 
of sugar nucleotide and a transcription terminator sequence. 
It may also contain a regulatory gene of the promoter. 

Examples of the expression vector i nc l ud e pBTxp2 , 
pBTacl, pBTac2 (all manufactured by Boehringer Mann heim Co.) , 
pKZPlO (Japanese Published Unexamined Patent Application No. 
110600/83) , pKXF200 (Agric. Biol. Cham. , AS, 669 (1984) ) , 

pLSAl (Agric. Biol. Ora. , 53, 277 (1989)), pGBLl (Proc. Natl. 
Acad. Bel. PSA- , 82, 4306 (1985)), pBluescrlpt II SK+ 
(manufactured by STRAXAflBNE) , pTrS30 ( prep a re d from 
Bscberichia cell JM109/pTrS30 (7ZRM BP-5407)), pTrS32 

(prepared from Bscberichia c oil JM109/pTrS32 (BTRM BP-5408) ) , 
pUC19 (Gone, 33, 103 (1985) ) , pSTV28 (manufactured by Tafcera 
Shuso Co., Ltd.), pPAl (Japanese Published Onexemined Patent 
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Application No. 233798/68), pCOll (Japanese Examined Patent 
Application No. 91827/94), and the like. 

Any promoter can be used, so long as it can be 
expressed in the above-mentioned host. Bellas include 
promoters derived from Escherichia coll, phage and the lxke, 
such as txp promoter, lac pr om ot er , P t promoter, P B promoter, 
and the like. Also usable are artificially designed and 
aodifiad promoters such as txp tandan promoter in which bn 
txp promoters are connected in series, tae promoter, and the 
like. 

With regard to the ribosome-binding sequence, any 
sequence "f« Ma of being expressed in the above-mentioned 
host can be used, but it is preferred to use a plasmid in 
which the region between a ribosome-binding s e qu e nc e end an 
initiation codon is adjusted to a suitable distance (for 
maople, 6 to 18 bases) . 

Although the transcription terminator sequence ia not 
always neoessary for the expression of genes related to the 
production of sugar nucleotide, it is preferred to arrange 
the transcription termination sequence preferably at a 
downstream position of the struct ur al gene. 

Any microorganism can be used as the host, so long as 
it can express the recombinant DMA and can apply to the sugar 
nucleotide formation reaction. Exaoples include ESehesichie 
XLl-Blue, Escherichia coll XL2-Blue, Escherichia coll 
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DH1, Escherichia coli MC1000, Escherichia coli K73276, 
Escherichia cold. W1485, Escherichia, coli JM109, Escherichia 
cell HB101, Escherichia coli No. 49, Esebaxiehia coil 113110, 
Escherichia coli NY49, Escherichia coli K78415, Escheriahia 
coli 1M522, Bacillus sab tills, Bacillus brevis. Bacillus 
aofyloliquafacians , Bre v iba ct e r iga isrtnrlqphilian MCC 14068, 
Brwvibacterium sacebazolyticvm ATCC 14066, Brovibactarivm 
flav in ATCC 14067, Breviba ct e r iim lactofezmentiwa ATCC 13869, 
Cotzynehactarium anrnmiageaes ATCC 21170, Cbzynabac terium 
glutsaicus ATCC 13032, Coryuabacterivn acetoacidophi I am ATCC 
13870, Kicrabacfcori.ua anownf^ilun ATCC 15354, Pseudocssaas 
putida, Serxatia aarcescaas, and tha Ilka. 

Whan a yeast strain is used as tha host, tha 
expression vector nay ba 7Kpl3 (ATCC 37115), 7^924 (ATCC 
37051) , 7Cp50 (ATCC 37419) or tha like. 

With regard to tha promoter, any promoter capable o£ 
being expressed in tha yeast strain host can ba used. 
Examples include promoters in genes of tha glyoolytic pathway, 
such as hawolMnase as wall as other promo tors such as gal 1 
promoter, gal 10 promoter, heat shock protein promoter, MEtol 
promoter and COP 1 promoter. 

With regard to the host, any yeast capable of 
expressing recombinant DNA and applying to the sugar 
nucleotide formation reaction can be used. Examples include 
Saceharcsyces cerevisiae, Canriirla ut.ilis, QmtWfli 
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: parapailosia, Candida kzusal, Candida vaxaatilia, Candida 
lipolytioa, Candida xaylanoidma, Candida gu ill iarmandi i , 
Candida albican* , Candida htmicola, Pichia faxinoaa, Pichia 
obaori, Torulopsia Candida, Teralapaia xphaaxica, Toxalapaia 
xylinaa, Toralapais famata, Toxulapaia versa tills, 

Dabarycaycas xubglcbosnm , OdbaqogfBu ca n ta r allif , 

Dabaxycaycam gleboxax, Daboxyvnycoa banaanli, Debaxyexycaa 
japaaicaa, Zygoxaccbarcaycax zonxli, Zygo aar .c ha r cayew ba llii, 
JCZqyvaranyca* lactia, JCZuyvercspeas manelanua, Banaanula 
oncaala, Banaaaula jadinii, Brettanaqyca* lxnbicux, 


t 


Txicboapoxoa pallvlana, Schtfarmianycms alluvius, and tha Ilk*. 

Culturing of tha microorganism for usa in tha peasant 
invantion can ba oarriad out in accordance with tha usual 
culturing prooasa. Tha madiian for use in tha c ul t urin g of 
microorganism may ba aithar a nutrient medium or a 
synthetic medium, so long as it contains c a rbon sources, 
nitrogen sources , inorganic salts and tha Uke which can ba 
assimilated by tha microorganism and it can perform cultu r i n g 
of tha microorganism efficiently. 

Examples of tha oazbon sources i nclude those which 
can be assimilated by each microorganism, such as 
carbohydrates (for axaspla, glucose, fructose, suerose, 
lactose , maltose, mannitol, sorbitol, molasses, starch, 
starch hydrolysate, etc.), organic acids (for axaaple, 
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pyruvic acid, lactic aeid, citric acid, fumaric acid, ate. ) , 
various amino aeida (for example, glutamic acid, methionine, 
lysine, etc,), and alcohols (for example, ethanol, propanol, 
glycerol, etc.). Also useful are natural organic nutrient 
sources, such as rice bran, cassava, bagasse, oorn steep 
liquor, and thd lika. 

0 f the nitrogen sources incl u d e various 
and organic amnonium salts (for example, anmonia, 
chloride, anmonium sulfate, anmonium carbonate, 
icetate, anmonium phosphate, etc.) , amino acids (for 
pie, glutamic acid, glutamine, methionine, etc.), peptone, 
NZ amine, oorn steep liquor, meat extract, yeast extract, 
malt extract, casein hydrolysate, soybean meal, fish meal or 

a hydrolysate thereof and the like. 

yi— of the inorganic substances include 

potassium dihydrogen phosphate, dipotassium hydrogen 
phosphate, sodium dihydrogen phosphate, disodium hydrogen 
phosphate, magnesium phosphate, magnesium sulfate, magnesium 
chloride, sodium chloride, cal ci < a a chloride, ferrous sulfate, 
manganese sulfate, copper sulfate, line sulfate, calcium 
carbonate, and the like. Vitamins, amino acids, nucleic 
r -i*m and the like may be added as occasion d e m a n ds. 

The '-ill is carried out under aerobic conditions 

by shaking culture, aeration stirring culture or the like 
The -"t fairing tsngaarature is preferably frwa 15 to 
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45°C, and tha culturing tins is generally from 5 to 96 hours. 
ThapB Of the medium is maintained at 3.0 to 9.0 during the 
culturing. Adjustment of tha medium pH is oarriod out using 
an inorganic or organic aci d , an alkali solution, uroa, 
aarbonata, ammonia and tha lika. Also, antibiotios 
(for exosple, anpicillin, tetracycline, etc.) may ba oddad to 
tha osdium during tha culturing os occasion de m a nd s. 

Whan a microorganism transformed with an avrossion 
vector in which an inducible premotor is used os the premotor 
is cultured, on inducer may ba added to tha medium as 

danonds. For example, isopropyl-p-D- 

thiogolactopyranoside (IPTO) or the like may be added to the 
amdiia when a microorganism transformed with sn aegaassion 
vector containing lac premotor is cultured, or indoleoerylic 
acid (1AA) or the like may by added thereto when a 
microorganism transformed with an egression vector 
txp promoter is aultured. 

two or more microorgsnims are used in the sugar 
production of the present invention, the 
microorganisms may be separately cultured to use the 
resulting culture broths in the sugar nucleotide production 
or j p~-"i »ted simultaneously into a single culture vessel to 
carry out mixed culturing and to use the resulting culture 
broth in the sugar nucleotide production. In an alternative 
way, one of the microorganisms is firstly cultured, the 
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.-<- T nieroorgtoito 1 . rno.ul.tod durto? “ •**“ **“ 

cituriu* «d cuitutod, «ia-a» bl °“' 

i. «! in to. togto P IO *“ tio "' *“ 

•Itortotin. ns, . Icworptoi- h " 1 ”» th. 

daucriltod in 1) and • tderoorstoito btoiop th. 

. it_ in 2) n»y b* topo»toly .-ltoand tod utod la th. 

-j.. nuctootid. promotion u.top th. Mmltto* ouitui. 
broths. 

Th. uiotobUl culture tooth totoitod by th. <»lt«to, 
„ . W W ptoduct of th. oat»«. broth obtoltod by 

th. cuitur. broth to tortou. toy. cto to utod to to 
for th. fototoiou of . wto* tootootid. to « 

aqueous medium. 

r „ n rr n— of tha traatad product of tha oultura broth 
toeltid. • oo.ototr.tod product of th. eultur. broth, . drtod 

of th. cuitur. tooth, . oultor. to(«~t»t totoitod 

h* to. colour. tooth, . o»ototo.tod p«doot »f 

th. cuitur. toP^ttot, to toOto ptot-totton totototo fr— 
to. cuitur. toptotottot, «H. (tooiudtoa toOtobtol -H.> 
totoitod by ototrifugtoy to. oultuto tooth, . drtod ptodtot 
to. 0.11., . ftototodrtod product of to. toll.. . 

.toftottot-tr-tod product of to. toU., » ultrtoOOic- 
trtotod product of to. toll., • tototoiotoiy dtoruptod 
r— _ of to. otolo. • tolvtot-tototod ptoduot of to. toll-, 
„ toryo.-tro.tod product of to. «U*. • Patton ft,ctl0 " °* 


36 - 


the cell*, an iamobilisad product of the calls and sa ansyaa 
praparatlon obtained by extraction from tha calls. 

Tha amount of tha enxyma source used in tha f ormation 
of tha sugar nucleotide is within tha range of frcn 1 to 500 
g/1, preferably from 5 to 300 g/1, as wet calls. Whan the 
reaction is carried out in an aqueous medium using two or 
more microorganisms simultaneously, amount of tha total wet 
calls of tha microorganisms in tha aqueous medium is within 
tha range of from 2 to 500 g/1, preferably from 5 to 400 g/1. 

y— yi— of tha aqueous medium used in tha formation 
of tha sugar nucleotide include water, buffer solutions (for 
aicaqple, tho se of phosphate, carbonate, acetate, borate, 
citrate, Tris, etc.), alcohols (for eatable, methanol, 
ethanol, etc.), eaters (for example, ethyl acetate, ato.) , 
ketones (for example, acetone, etc.), amides (for ——vie, 
acetamide, etc.), and the like. The microbial culture broth 
used as the ansyme source may also be used ss tha aqueous 


mdiua. 

riiniqilTi- of tha nucleotide precursor used in tha 
formation of tha sugar nucleotide include orotic acid, uracil, 
orotidine, uridine, cytosine, oytidina, adenine, adenosine, 
guanine, guanosina, hypoxanthine, inosine, xanthine, 
vaikthasine. inosina-5' -monophosphate, xanthosine- 


5 ' -monophosphate, guanosine-5 ' -monophosphate, uridine 

5* -monophosphate, cytidine-5' -monophosphate, and the like 
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Pnfamd tn otofele aoid and guanoiiiw*5 1 " mon ophosp ha te . 
The nucleotide precursor nay bo la the form of o purified 
product or in the foa of • aolt of the precursor, and a 
culture broth containing the precursor produced by the 
fermentation of a microorganism or the precursor roughly 
purified from the culture broth ay also be used as the 
nucleotide precursor, so long as its impurities do not 
Inhibit the reaction. The nucleotide precursor is used at a 
concentration of fra 0.1 m to 1.0 M, preferably from 0.01 



to 0.3 M. 

Sxasples of tho sugar used in tho fo rm a tion of the 
sugar nucleotide include glucose, fructose, galactose, 

glucosamine, N-acetylglucosamine , N-acetylgalactosamine , 

fy) — 

mannose, fuoose, N-aoetylmannosamine,^' aoetylneuraminio acid 
■m< the like, and derivatives thereof. The sugar may be 
« yj fhar in the form of a purified prod u ct or in the fezm of a 
containing the saaa, so long as ispuxiti.es in the 
do not inhibit the reaction. The sugar is used at a 
concentration of from 0.1 oK to 2.0 M, by adding it in one 
portion when the reaction is started or in portions or 
continuously during the reaction . 

In the formation of the sugar nucleotide, an energy 


sourae necessary for the r egeneration of ATP, a eoensyma, a 
phosphate ion, a magnesium ion, a chelating agent (for 
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•xuplo, phytie acid, #tc.), a surfactant and an organic 
solvent may be added as occasion d e m a nds . 


twiiyiM e f the energy source i n cl u de carbohydrate 



be used at a concentration of from 1.0 sM to 2.0 N. 

ballet of the phosphate ion i nc l u de orthophosphoric 
acid, polyphosphorie acids (for ensile, pyrephosphorie acid, 
tripolyphosphorio acid, tetrapolyphosphorie acid, 
tatrapolymetaphosphoric acid, ate.), polymetaphosphoric aci d s , 
inorganic phosphates (for esaiqple, potassium dihydrogan 
phosphate , dipotassiiss hydrogen phosphate, sodium dihydrogan 
phosphate, disodium hydrogen phosphate, etc.) , and the like, 
which may be used at a concentration of from 1.0 sM to 1.0 M. 

Exmsples of the magnesium ion i nclu de inorganic 
magnesium salts (for amaqple, magnesium sulfate, magnesium 
nitrate, magnesifu chloride , ate.), organic magnesium salts 
(for example, magnesium citrate, etc.), and the like, which 
may be used at a concentration of generally from 1 to 100 oM. 

e f the surfactant include those which can 
enhance the production of various sugar nucleotides, such as 
nonionic surfactants (for exasple, polyoxyethylene 


oetadecylamino (o.g., Jfcmoen S-215, manufactured by Nippon 
Oils and Tats Co.)/ ate.), cationic surfactants (for oxa^lo, 
oetyl triffltthylisnoniuBi br onii d e, tlkyldl®*thyl biniylwBonii® 
chloride (e.g., Cation F2-401, manufactured by Nippon Oils 
and Fats Co.) etc.), anionic surfactants (for “Maple, 
lauroyl sarcosinate, ate.) and tertiary amines (for enasple, 
aUcyldiaathylaaine (e.g. , Tertiary Amine FB, manufactured by 
Nippon Oils and Fats Co.), ate.), uhich may be used alone or 
as a mixture of too or more. The surfactant may be used at a 

concentration of generally from 0.1 to SO g/1. 

■.Mpian of the organic solvent include xylene, 

toluene, aliphatic alcohol, acetone, ethyl acetate, and the 
like, whl ?* 1 may be used at a co n ce n tration of generally from 

0.1 to 50 ml/1. 

The reaction for forming a sugar nucleotide can be 
carried out in an aqueous medium at pH of from 5 to 10, 
preferably f«a 6 to 9, at a tssperature of from 20 to 50°C 

and for a period of from 2 to 96 hours. 

The sugar nucleotide can be foraed by the process, 
include a uridine diphosphate compound, a guanosine 
diphosphate eempound, a cytidine monophosphate compound and 
the like. gpeeif ie axasplas include augar nucleotides 

selected from UDP-Glc, ODP-Oal, UDP-GlcNAe, UDP-OalNhe, 
OTP-GlcOA, GDP-MSn, GDF-Fuc, CMP-NeuAc, and the like, end 
derivatives thereof. 
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©f tha nigir nuoleoti rtw fonnad in th# 
aqueous —a****— can be oarried out in aooordanee with a known 
Bathed, for enable, isolation and da termination of ODP-Qie 
and UDP-Gal can be carried out by high performance liquid 
ahromabography (referred to as "HPLC" hereinafter) method 
described in Anal. Biochma. , 216, 188 (1894). In addition, 
isolation and determination of ODMldBe, GDP -Man, GDP-Fuc 
■wd CMP-NeuAc be carried out by HFLC under the following 
conditions: 

Elution solution: 

0.1 M XM0 4 (adjust to pB 3.2 with HjP0 4 ) 

Flow rata: 

1 ml/mi n 

Column: 

Partisil-10 SAX (manufactured by Whatman) 

Detection: 

OV 282 no 
: Determination: 

by comparing standard absorbance values 
Reco v ery of the sugar nucleotide formed in the 
reaction solution can be oarried out in the usual way using 
activated carbon , an ion exchange resin and the lxke , for 
exasple, ODP-Gel and ODP-Olc can be recovered in accordance 
with the process described in J. Org. Chm m. , Sl r 152 (1992)/ 
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ODP-OldAo with the process described in J. Oxg. Chm. , 
52, 146 (1992). 

With regard to tho microorganism*, a nim a l oalls or 
inaoet oolla eligiblo for in tho production of tho complex 
carbohydrate of tho prosont invantion, all microor gan l a m a, 
wii« or inaoot oolla ca p a bl e of prod uc i n g tho conplom 
cazbohydrato from a sugar nuolootido and a ceqplom 
carbohydrate procuraor can bo used. Exaaplo* of ouch 
microorganisms, animal oolla or inaoet oalls include those 
which have tho activities of glueoayltranaf erase, 
galactosyl transferase, N-aoatylglueosaminyl transferase , 

N-aoetylgalaetosaminyl transferase , giucuronoayl transferase, 

mannosyl transferase , sialyltransf erase, fucosyltransf erase, 

and tha Ilka . 

In addition, znloxocrganlms / animal oalls or Inaac^ 
T-tUr by xeecsBbinant OMh techniques can also be used 

in a similar way to the esse of the above-mentioned sugar 
wmwI owfeida production . Ttr a aple s of such microorganisms , 

eells or insoet oolls ineluda Ssehoxiebla celi which 
ay rt.si. tha oersmide gluaosyltranaferase gene derived from 
tHWM cell line SK-Mal-28 (Proc. Natl. Acad. Sex. 

USA., 23, 4638 (1996)), human melanoma cell line 1M266-4 

which produces pi , 3 -galactosyltransferase (ATCC CRL 1676) , 
recombinant cell line such as nasialwa cell line KJH-1 or the 
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Uk* which contain* tha pi, 3 -galaeto*yltransfaraae gene 
derived from th. hunmn meUnoms HI 

published Unaxamined Patent Application Ko. 181759/94), 


— — coll (OOO J., 9, 3171 (1990)) or 
oarevlaiae (Biocbsm, Blophy. Bs*. Caaaao. , 201, 160 (1994)) 
whidh expresses the pi, 4 -galactosyltran*ferase gone derived 
fren human «-t.» calls, COS-7 cell line (KPCC CM. 1651) which 

expresses the rat pi , 6-N-aoetylgluoosaainyltransf erase 


(J. Biol. 


248. 15381 (1993)), 8f9 oell line dhich 


Biocbsm. 


v.-.™ N-aoetylgluoosaainyl transferase gene (J. 

lie . 568 (1995)), SadbmrldbiM coll which expresses 


l..— gluouronosyltransferase (Biocbsm. Bi<*>hys. Bee. . , 

ijfi, 473 (1993)), nsmalwa cell line which expresses human 

al , 3-ffueosyl transferase (J. Biol. Cham., 262, 14730 (1994)), 

. . . . .v j _ l amresses hmiB otl,3/l,4— 

Oos-l cell line which axpresaw 

fueosyltransf erase (dm*. , 1, 1368 (1990)), COS-1 HI 

line which expresses human al , 2 -fueosyl transferase (Broc. 
Nstl. Acad. Bel. 0SA., 92 , 6674 (1990)), 008-7 call line 

Which expresses chicken o 2 , 6 -aialyltransfermee (Bhr. J. 
sloebsm., 219 , 375 (1994)), COS cell line which expresses 
human 02 , 8-sialyltransf erase (Proc. Nstl. Acad. Bel. USA., 
41 , 7952 (1994)), Kseharichia coll which expresses pi,3-N- 

aeetylglucosaminyl transferase , pi, 4-galaotosyltransf erase, 

pi , 3 -b-ecatylgal antosemlnyltranaferese or 

galaotosyltrsnsferase derived from Neisseria (WD 96/10086) , 
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n r-*—*-**- eoli which expresses Msieseria-derived 
a2 , 3-sialyltransferase (J- Biol. Gun., 221> 28271 (1886)), 
r r -u-~4~>,4M eoli which expresses Helicobacter pyiora-derived 
ai , 3 -fucosyltrsnsferase (« 7 . Biol. Gun., 222, 21348 and 
21357 ( 1887 ) ) , Escherichia eoli which egresses yeast-derived 
al, 2 -mannosyltranafarasa (* 7 . Org. Gima. , 58, 3885 (1883)), 

and tha like. 

yhan a microorganism ia uaad for producing tha 

r i»- carbohydrate of the praaant invention, tha 

microorganism oan ba cultured using the same medium under tha 
aaaa culture conditions as in tha case of tha above-mentioned 
microorganism capable of producing a sugar nucleotide from a 

nucleotide precursor and a sugar. 

«e»^ eella are used for produ cin g tha complex 

carbohydrate of tha present invention, tha preferred aulture 
xs generally RHO 1640 medium. Eagle' a MEM madiw or a 

-I.™ thereof modified by further adding fatal calf serum, 

and the like. Tha culturing is carried out under certain 
conditions, for example, in tha presence of 5% COj. Tha 
culturing is carried out at a tssparature of preferably from 
20 to 40°C for a period of generally from 3 to 14 days. As 
~v..i n n demands, antibiotics may be added to tha mediim. 

«.«. insect calls are used for producing the ccsg»lex 
carbohydrate of tha present invention, culturing of tha 
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ofcXXs car b9 cirtittd out in ftocordinc® vltb th® known 
prooess (J. Biol. Own., 2£3, 12609 (1993)). 

The eulturo broth of e microorganism, an a ni ma l ooll 
lino or an inaeot ooll llna obtained by tho culturing and a 
^^oatod product of tha culture broth obtained by treating tho 
culture broth in various ways can be used as an enzyme source 
for forming the oonplex carbohydrate in an aqueous medium. 

of the treated product of the culture broth 
j yiiiBh a concentrated product of the culture broth, a dried 
product of the culture broth, a culture supernatant obtained 
by centrifuging the culture broth, a concentrated product of 
the culture supernatant, an ensyma preparation obtained from 
the culture supernatant, cells (including microbial cells) 
obtained by nent r i fugi "q the culture broth, a dr red product 
of the cells, a freese-dried product of the cells, a 
OTr a «n»j»«t -trmstei1 product of the calls, an ultrasonic- 
treated product of the cells, a mecha n ically disrupted 
product of the oells, a solvent-treated product of the cells, 
an ensyma-treated produet of the oells, a protein fraction of 
tha cells, an ianebilised product of the oells and an ensyma 
preparation obtained by extraction from the eella. 

The enzyme source used in the fo rma tion of the 
casplax carbohydrate is typioally within the rangs of from 
0.1 nflJ/1 to 10,000 O/l, preferably from 1 mD/1 to 1,000 U/l 
(where 1 unit (O) is the amount of the enzyme activity which 
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can form 1 ^anolo of the complex carbohydrate within 1 minute 
at 37°C) . 

of tho aqueous wkHwi used in tha formation 
of tha carbohydrate ineluda water, buffar solution* 

(for axanple, thosa of phosphate, eazbonata, acetate, borate, 
citrate, Tris, ate.), alcohols (for example, methanol, 
ethanol, ate,), asters (for example, ethyl aoatata, ate.), 
(for example, acetone, ate.), amides (for e xam p le , 
acetamide, ate.), and tha like. Xach of tha culture broths 
of microorganisms, animal oall* or insect ceils used as tha 
ansyma sources may also be used as tha aqueous medium. 

As damands, chel a t in g agents (for axaqpla, 

phytic acid, etc.), inorganic salts (for example, MiCl?, 
ate.) , p-mercsptoethanol and tha like may be addad. 

As tha sugar nucleotide used in tho formation of the 
r — piaw carbohydrate , the abo v e-mentioned reaction solution 
obtained by the sugar nucleotide formation or the sugar 
purified from the reaction solution can bo used at 
a concentration of from 0.01 sK to 2.0 M. 

In addition, a sugar nucleotide can be supplied in 
the carbohydrate formation reaction solution by 

forming the sugar nucleotide by the above-mentioned process. 

With regard to the ecsplam carbohydrate precursor 
1ir ur « in the formation of the ccnplex carbohydrate, any 
material can be used, so long as it can be used as the 
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substrata of glyoosyl transferase. Bxaaples Include 

monosaccharides , oligosa c c h a r i d es , nonosa o c h a rl des or 
oligosaccharide linked to a carrier or the like, proteins, 
psptides, lipids, glycoproteins, glycolipids, glycepeptides, 
steroid ccnpounds, and the like. 

Speeifia examples ' glucose, galactose, mannose, 
add, H-aoetylglucosamine, M-aeetylgalaetosamine, 
lactose, N-acetyllactosamine, lacto-K-biose, GlcKhcPl-3Gal(Jl“ 
401c, 01dmcpi-4Gaipi-401c, globotriose, Galal-4Qeipi-40lca«e, 
V -fu wff yllsctoee, 3-fuoosyllactose, 3' -sialyllaetose, 
6' -sialyllactose, 3' - sialyl -N-aoetyllaetosamine, 6' -aialyl-N- 
\ sialyllacto-N-biose, lewis X, lewis a, 

laeto-H-tetraose, laoto-X-neotetraose, lactodifucotetraose, 
3' -sialyl-3-fucosyllaetose, sialyl-lewis X, sialyl-Lewis a, 
laeto-M-fucopentaose I, lacto-N-fucopentaose 11, leeto-M- 
fuoopentaose HI, lacto-H-fueopentaose V, Id-tetraaaecfcaride 
a, Id-tetrasacohari <le b, LS-tetrasaectoaride o, 
(e2»3) sialyllacto-M-neotetraose and derivatives thereof, 
serine, threonine, asparagine and psptides containing these 
amino acids and derivatives thereof, oeramide and derivatives 
thereof, and the like. The c omp le x aarbohydrate precursor 

be used at a concentration of from 0.01 oM to 2.0 M. 

of the complex carbohydrate of the present 
invention include ccnplex carbohydrates containing at least 
one suoar selected from glucose, galactose. 
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N-aeotylglucoaaaiine , H-aoatylgalaetoaaaina, glucuronic mold, 
mannoM, N-aoatylBannoaamina, fueoaa, aialie aoid, lactoaa, 
M-acotyllactoBKaina , lacto-»-bioaa, Glomepi-3anlpl-4Gle, 
01cd0^1-4aaipi-401c, globotriose, Galal-4Gaipi-4GlCHhc , 

2' -fucosyllactoao, 3 -fucosyllaoto«a, 3 '-aialyllnctooa ( 

6' -sialyllaotoaa, 3' -aialyl-N-acatyllaetoBBinino, 6' -aialyl-N- 
aoatyllaetoaaaina , sialyllacto-N-bioao, Lawis X, a, 

lacto-N-tatraoaa, lacto-H-naotatraoaa, laotodifueotatraoaa, 

3' -aialyl-3-fucoayllactoaa , aialyl-Iawia X, aialyl Iawia a, 
lacto-M-fucopontaoaa 1, lacto-N-fuccpantaoaa II, lacto-X- 
fucopantaoaa III, lacto-N-ffucopantaoaa V, IS-tatraaaccharida 
a> Xd-tatraaaeeharido b, LS“tatraaaooharida c, 

0^ aialyllacto-H-naototraoaa, lacto-M-difueohaxaoaa I, 

lacto-N-difuoohaxaosa II, laoto-H-haaaoae, lacto-N-naohaxaoaa, 
diaialyllaeto-N-tatrooaa and darivativaa tharaof ; and eea*la* 
carbohydrates which contain tha juat daacribod 
oaxbohydrataa . Opwaificilly » thay ineluda 

carbohydrate* which contain a augar having a bond aalactad 
from Gaipi-301c, Gaipi-4Gle, 0alpl-3Gia»c, 0alpl-4Gl<a»c, 
<Jaipi-3Gal, 0alpl-4Gal, Gaipi-3GalI»c, Gaipi-4GalNAc, 

0alal-361e, Galea -401c, Galca-301«Mho, Galea-4GlcMhO, 

0alal-30al , Galal-4Gal, Galal-3GalKAe, Galal-4GalMhc, 

GlcKAcpi-3Gal, GlcWAcPl“4Gal , GlcMAepi-6Gal , GlcNAcPl-301c, 
GlcNAcpl - 401c , GldNRcpi-3GldMRo , 01dNRcpi-4GlcNAc, 

0lCNhepi-6GalKAc, Gld»epi-2Kan, GleMRcpi-4Kan, GldNAcpi-Otan, 
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GalNAcj)l-3Gal, GalMkcpi-46al, GalNIU#l-4GldNAc, 

GalHhcal-MalMhc, Manpl-4SlcNAe, Mmal-aton, Manal-Ston, 
Manal-2Man, aid»pi-401ciH, GldO»pi-3Gal, Glc0*pi-3Gle«Ac, 
d^api-SOaUae, NeuAoa2-3Gal, Hm*ca2-«<*1, Heu*ca2-301c*lkc, 
NauAca2-6GlcNAa, Heutox2-3Gal»c, »«uAca2-6Gall»o, 

NeuAoai-fWeuXc, Fucal-3Glc, Fucal-4Gle, Fueal-Mlcdmc, 
Fucal-iOlCNhe, Fuoal-20al and IMcal-MldHhc; «d o««pI« 
carbohydrates which contain the just described oonplax 
carbohydrates. In this caw, tha number of sugars contained 
tha comic* carbohydrate having tha sugar, -ay be 10 or 


below, or 6 or below. 

As specific processes 


for producing tha co^la* 


carbohydrates, 

( 1 ) lactose can be formed from orotic acid, galactose and 
glucose by carrying out an enryme reaction using culture 
broths of a microorganism having the ability to duress 
jfeiaaaria-derivad 01 , 4 -galaetosyltransferaae C*» 94/10086) , a 


microorganism having the ability to produce OTP from a 
pceeursor of OTP and a microorganism having the ability to 
p.oduce ODP-Qal from a sugar and OTP, or treated products of 
th e— culture broths, as enigma sources, 

( 2 ) H-aoetyllaetosamine can be formed from orotic acid, 
and M-acetylgluoosamine by carrying out an ansyme 
reaction using culture broths of a microorganism having the 


ability 


to axproil 
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luting tbo ability to prcdoco OTP fit® a paaonraor of 01? and 
. aierootganian hatiog tb. obiUty to proto. <»»-<“ *”* * 
ongas ond OIP» at «-*- P™*"** “““ “““* ***”■ 

as anxyioB souroMr 

( 3 ) 3' -oialyllaotoao «*» b. Mai *«• "° tic 

n i— yi B»«‘= *“* 1 * ato “ * °“ t 

„ uugna xoaetion ooing coltur. broth, of a ^owoag^aa 

. , , . . awr nr— ■ Naiaaeria-derlvad 

having tin ability to " * 

a2,3-eialyltranaforaae (J. Biol. Chan., 221, 28271 (1998)), 

. aiotoorganin h^rlog tM tbility to p»dao. Cf? f«- • 
pnooraot of Cl? and » biotootgaai* bating tho .blUty to 
r -a— WP4fe°»o too.ngB-a®. - «*“ ****** 
of thaao culture brotha, aa eniyme aouroaa, 

( 4 ) 3' -aialyl-H-acetyllactoaaaime ean ba formed from 

orotic acid, N-acetylmanno«amina , pyruvic acid *"* 
M-aoatyllactoaaaina by carrying out an ansyna reaction uaing 
cultura brotha of a microorganism having tha ability to 
j**i»aeria-derived a2,3-.ialyltran.fa«.- « J * Bl< * 1 ' 

O*. , 2U, 28271 (1996)) , a loroorganiam having the ability 
to produce CTP from a p«cur-or of CTP and a microorg**- 
having tha ability to produee «P-Hau*e from a augar and CTP, 
or troatad producta of thaw culture brotha, aa 
sources. 
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(5) 6' -aialyl-N-aoetyllactosamine can be formed from 
orotic add, N-acetylmannosamine, pyruvic add and 
N-acetyllaetosamine by carrying out an enayma reaction using 
culture broths of COS-7 cell line having the ability to 
express chicken-derived a2 , 6-aialyl transferase (Air. J . 
Blochma. , 219 . 375 (1994)), a microorganism having the 
ability to produce CTP from a precursor of CTP and a 
microorganism having the ability to produce CMP-NeuAo from a 
sugar and CTP, or treated products of these culture broths, 
as encyme sources, 

(6) GlcNAcpi-3Gaipi-4Gle can be foamed from orotia add, 
N-acetylglucosamine and lactose by carrying out an ensyme 
reaction using culture broths of a microorganism having the 
ability to eiqpress Ndssaria-derived 
pi , 3-N-aaetylgluoosaminyltransferase (MO 96/10086) , a 
microorganism having the ability to produce OTP from a 
precursor of OTP and a microorganism having the ability to 
produce ODP-GldAc from a sugar and OTP, or treated products 
of these culture broths, as ensyme sources, 

(7) lacto-N-tetraose can be formed from orotic add, 
galactose and GldNAcpi-3Gaipi-4Glc by carrying out an ensyme 
reaction using culture broths of human melanoma cell line 
PM266-4 having the ability to produce 
pi , 3-galactosyl transferase (ATCC CRL 1676) or a transformant 
such as of namalva cell line KJM-1 having the ability to 
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across pl,3-galactosyl transferase gone derived from human 
m e l a nom a call line W4266-4 (Ja p an e se Publishad Unexamined 
Patent Application No. 181759/94) , a microorganism having tha 
ability to produce OTP from a praeuraor of OTP and a 
microorganism having tha ability to product UDP-Qal from a 
sugar and DTP, or treated products of these culture broths, 
as enzyme sources, 

(8) laoto-N-naotatraose can be formed from orotic acid, 
galactose and GlcNAcpi-3Qal|3l-4Gle by carrying out an ansyme 
reaction using culture broths of SScbarichia coll (EMBO J . , 3, 
3171 (1990)) or Saccharosgrees carevisiss (fiiochsm. Biophya. 
Baa. Cnmaun. , 201, 160 (1994)) having the ability to express 
pi,4-galactosyl transferase gena derived from human HeLa cell 
line, a microorganism having the ability to produce OTP from 
a precursor of OTP and a microorganism having the ability to 
produce UDP-Gal from a sugar and OTP, or treated products of 
these culture broths, as enzyme sources, 

(9) laeto-N-neotetraose can be formed from orotic acid, 

galactose and GlcNAcPl-3Gal|3l-4Glc by carrying out an enzyme 
reaction using culture broths of a microorganism having the 
ability to express Nsissaria-darived 

^1 , 4-galactosyl transferase (NO 96/10086) , a microorganism 
having the ability to produoa DTP from a precursor of DTP and 
a microorganism having the ability to produce UDP-Gal from a 
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augur and OTP, or traatad products of thaao culture broths , 
as ensyma sources, 

(10) lacto-N-neotetraose aan bo formed from orotic acid, 
N-aoetylglucosamine , galactose and laotoao by carrying out an 
enzyme reaction using culture broths of a wi cr oorg anl swi which 
can express Msisaaria-derived 
pi , 3 -N-acetylglucosaminyl transferase (HD 96/10086) , a 
microorganism having the ability to express Neisseria-derived 
pi , 4 -galactosyl transferase (HD 96/10086), a microorganism 
having the ability to produce OTP from a precursor of OTP, a 
microorganism having the ability to produce UDP-GleUAc from a 
sugar and OTP and a microorganism having the ability to 
produce ODP-Sal from a sugar and OTP, or treated products of 
these culture broths, as ensyma sources, 

(11) (aft,^) sialyllacto-H-neotetraose can be formed from 
orotic acid, N-aaetylmannosamine, pyruvic acid and lacto-N- 
neotetraose by carrying out an enzyme reaction using culture 
broths of a microorganism having the ability to express 
Neisseria-derived a2 , 3-sialyl transferase (J . Biol . Asm. , 
221, 28271 (1996)), a microorganism having the ability to 
produce CTP from a precursor of OTP and a microorganism 
having the ability to produce CUP-HeuAc from a sugar and CTP, 
or treated products of these culture broths, as ensyma 
sources. 
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(12) lacto-N-fucopentaose 111 can ba formed from CMP, 

and lacto-N-neotatraose by carrying out an ensyae 
raaotion using culture broths of naaalwa oall lino having tha 
ability to oMprass hman-darived al , 3 -fucosyl transferase (J. 
Biol. Chmt., 269 . 14730 (1994)), a microorganism having tha 
ability to produce OTP from a precursor of OTP and a 
having tha ability to produce GDP-Fuc fron a 
sugar and OTP, or treated products of these culture broths, 
as easyma souroes, 

(13) laeto-H-fueopentaose III can ba formed fron OfP, 

nannose and laoto-H-neotetraose by carrying out an ensyme 
reaction using culture broths of a mieroorganim having tha 
ability to express Halicobaetor pylori - derived 

al , 3 -fUcosyltransferase (J. Biol. Oim a., 222, 21349 and 

21357 (1997) ) , a microorganism having the ability to produce 
OTP fron a precursor of OTP and a microorganism having tha 
ability to produce GDP-Fuc from a sugar and OTP, or treated 
products of these culture broths, as ansyma sources, 

(14) globotriose can ba formed from orotic acid, galaotose 
and lactose by carrying out an enayme reaction using culture 
broths of a microorganism having tha ability to egress 
tfoissaria-derived al,4“galactosyl transferase (TO 96/10086) , 
a microorganism having tha ability to produce OTP fron a 
precursor of OTP and a microorganism having tha ability to 
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treated product* of 


produce UDP-Gal from a sugar and OTP, or 
thaae culture broths, as ensyma sources, 

(15) globotxiose can be formed from osotie acid, galactose 
and glucose by carrying out an enzyme reaction using culture 
broths of a microorganism having the ability to express 
Neisseria-derived pi, 4 -galactosyltransfexase (WO 96/10086), a 
microorganism having the ability to express Nsisseria-darived 
al , 4 -galactosyl transferase (W> 96/10086), a microorganism 
having the ability to produee OTP from a precuraor of OTP and 
a microorganism having the ability to produce ODP-Gal from a 
sugar and OTP, or treated producta of theae culture brotha. 


as ensyma sources, 

(16) Galal-4Galf}l-4QlcNAc can be formed fron orotic acid, 
galactose and N-aeetyllactosamine by carrying out an ensyma 
reaction using culture brotha of a microorganism having the 
ability to express Maisseria-derived 
al , 4 -galactosyl transferase (WO 96/10086), a microorganism 
having the ability to produce OTP from a precursor of OTP and 
a mioroorganism having the ability to produoa ODP-Gal fros a 
sugar and OTP, or treated products of theae culture brotha, 
as enzyme sources, 

(17) laeto-N-biose can be formed from orotic acid, 
galactose and N-acatylglucosamine by carrying out an ensyma 
reaction using culture broths of an animal cell line having 
the ability to express hunmn-derived 
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pi,3-gal*ctosyltransfsrass (Ja p a ns — Published Ohaxamlnad 
Patent application No. 181759/94) , a microorganism having the 
ability to produce OTP from a precursor of OTP and a 
microorganism having the ability to produce UDP-Gal from a 
sugar and OTP, or treated products of the— culture broths, 
as enzyme sources, 

(18) sialyllacto-N-biose can be formed from orotic acid, 
N-acetylmannosamine , pyruvic acid and lacto-N-bioee by 
carrying out an ensyme reaction using culture broths of a 

microorganism having the ability to express Nsisseria-darived 

Ijj 

a2,3-sialyl transferase (*J. Biol. Chen. , 221, 28271 (1996)), 
a microorganism having the ability to produce CTP from a 

precursor of CTP and a microorganism having the ability to 

In 

produce CMP-NauAe from a sugar and CTP, or treated products 
of these culture broths, as ensyme sources , 

(19) slalyl-Lewis X can be formed from GMP, mann ose and 
3' -sialyl -N-sootyllaatosaini no by aarzying out en ensyme 
reaction using culture broths of an animal oall line having 
tha ability to express human-derived al,3-fueosyltranafarase 
(j. siol. Cham. , 269 . 14730 (1994)), a microorganism having 
the ability to produoe OTP from a precursor of CTP and a 
microorganism having the ability to produce <S)P-Fuc from a 
sugar OTP, or treated products of these culture broths, 
ais ensyme sources. 
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(20) sialyl-Lewia a can be formed from GMP, mannose and 
sialylleeto-N-biose by carrying out an enzyme raaction uaing 
human al, 3 /l, 4 -fueosyltransfferase (Ca rbobydrata K aseascb, 
180 . i (1989)) and culture broths of a microorganism having 
the ability to produce GXP from a precursor of OTP and a 
microorganism having the ability to produce (BP-Fuc from a 
sugar and OTP, or treated products of these culture broths, 
u enzyme souroes, and 

(21) Manal-2Man oen bo formed from ®1P *nd mannosa by 
carrying out an enzyme reaction uaing culture broths of 
Escherichia r o 7 * having the ability to express yeast-derived 
al,2*mannosyl transferase («7. Org. Chma. , SB, 3985 (1993)), a 
microorganism having the ability to produoe OTP from a 
precursor of OTP and a microorganism having the ability to 
produce (BP-tfan from a sugar and OTP, or treated products of 

these culture broths, as enzyme sources. 

PxeouiM for producing eeoplex carbohydrates are not 
i -im-it-aH to the above-mentioned examples , and any other sugar 
~ oan be produced industrially using a nucleotide 
precursor, a sugar and a complex carbohydrate precursor as 
the sole starting materials, within the range of 
glycosyltransferases which can be contained with the sugar 
n ^ie^fcida production process described herein and of the 
substrate specificity acceptable by the enzymes. 
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ExaaplM of the ccnplax oarbohydrata to be preduoed 
by the psoduetion process of the present invention i ncl u d e 

(1) oaeplex carbohydrates involved in the infection with 
pathogenic microorganisms and viruses , such as ceo^lex 
carbohydrates which are recognised as recsptors of pathogenio 
microorganisms and viruses, 

(2) cooplex carbohydrates which axe recognized aa 

receptors of toxins produced by pathogenic microorganism* and 
viruses, 

(3) complex carbohydrates which are concerned, for 

exanple, in cell adhesion, recognition of foreign substances 
and binding of various types of lyaphokine in the living body, 
and complex carbohydrates which contain one or a plurality of 
sugars such as glucose, galactose, N-acetylglueosaaine, 
N-acetylgalactosamine , glucuronic acid, mannose, 

N-acetylmannosamine , fucose, sialic acid and the like, in a 
chemically acceptable binding inode - More specific examples 
include 

(1) complex carbohydrates which are contained in the milk 
of human and animals , and involved in the protection of 
infants from microbial infection, for example, complex 
carbohydrates, such as lacto-N-tetraose, lacto-W-neotatraose, 
and the like, 

(2) receptor conplax carbohydrates which recognise 
microorganisms , such as Eschmrlchi* coli , Prqpxonibacteritmi 
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gzamlosium, Hyccbacterivm tuberculosis, Hozaxella ca tarahli s, 
albicans, Staphyloco c cus sapxcphyticua, Streptococcus 
poM^Boiam, Streptococcus agalactiaa, Pseudomonas aeruginosa, 
Aotinoaycas naeslundii, Neisseria gonorrhoeas, Heli c obacter 
pylori, 1 " m influenzae, and tha Ilka, 

( 3 ) raoaptor couples carbohydrates of virusas , such as 
influenza virus, coronavirus, S a ndal virus, newcastle disease 
virus, raovirus, rotavirus, AIDS (HIV) virus, and tha like, 

( 4 ) >vipin carbohydrates of protozoa, such as 
Cryptosporidium , Trypanosoma, and the like, 

(5) reesptor conplax carbohydrates having tha affinity 
for toxins, such as cholera toxin, E sc he richia coll heat 
labile toxin, botulinum toxin, clostridial 6 toxin, 
clostridial A toxin, Shiga toxin, Vero toxin, Shiga toxin- 
like toxin. Vibrio parabasoolyticus heat-stable toxin, 
tetanus toxin, and tha like, 

( 4 ) aanoer-related complex carbo hydrates suah as 

gangliosides (for exanple, GD3, t*C3, etc.), glcboside 
glyeolipids, and the like, 

(7) conplex carbohydrates which are concerned in the 

adhesion of leukocytes to inflammatory regions and 
modification of their functions, such as sialyl-lewis X sugar 
chain, and the like, 
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(8) wwyinn carbohydrates concerned in autolrmune 
diseases, such as rheunatoid arthritis, Igh 
glomerulonephritis , and the like, and 

(8) carbohydrates which are recognised fay various 

lectin-like substances concerned in the recognition of 
foreign bodies and cancer cells. 

Do termination of the caoplex c a rb o hy drate formed in 
the aqueous medium can be carried out in accordance with 
known methods (Proe. Natl. Acad. Sel. USA . , 85 , 3289 (1988), 
Anal. Siocbsn. , 124 / 459 (1988)). 

Recovery of the ccn^plttc carbohydrate formed in the 
reaction solution can be carried out in the usual way using 
activated carbon, an ion exchange resin and the like, for 
exanple, N-aeatyllaotosamine can be recovered in accordance 
with the process described in J. Org. Chan., 42 / 5416 (1982) . 

Sxonples of the present invention are given below by 

my of illustration and not by way of limitation. 

m « r MBpg cp cMacmifl am thb m vnrriCM 

g»«wpi a 1: Construction of recombinant plasmid capable of 

expressing galU and ppa 

Construction process of recombinant plasmid pMT12 
capable of expressing galU and ppa is described in the 
following (7igs . 1 and 2) . 

1) Construction of expression vector containing P t promoter 
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Construction of pfiA31 snd pPAC31 as P L proootar- 
c on twining expression vac tors ware carried out in the 
following Banner (Fig- 1) • 

Eachmrichia coll JM109/pTrS30 (RBM BP-5407) which 
has tryptophan premotor-containing plasmid pTrS30 and another 
which has P t premotar-oontaining plasmid 
pPAl (Japanese Published Unexamined Patent Application Mo. 
233798/88) and P L promoter- and cIB57 rsprassor-eontaining 
pPACl (PERM BP-6054) were separately inoculated into 
T-B imHHiiiii (io g/1 Bacto-Tryptone (manufactured by Difoo) , 5 
g /1 yeast Extract (manufactured by Difoo) and 5 g/1 NaCI, 
adjusted to pB 7.2) and cultured at 30°C for 18 hours. 

From the cells obtained by the culturing, pTrSSO, 
pPAl and pPACl plasmid DMAs were isolated and purified by the 
above-mentioned known processes. 

A 0.2 jig portion of the thus purified pTrSSO DA was 
cleaved with restriction enzymes Patl and Clal, the resulting 
DMA fragments were separated by agarose gel oleotrophoresis 
and than a fragment of 3.4 kb was receveted using Gene Clean 
II Kit (manufactured by BiolOl) . A 0.5 yg portion of the 
purified pPAl DNA was cleaved with restriction enzymes Patl 
and , the resulting DNA fragments were separated by 

agarose gel electrophoresis and then a fragment of 1.0 kb was 
recovered in the same maimer. 
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Using • ligation kit (TAKABA Ligation Kit, 

manufactured by Tak«. Shuao Co., Ltd.) , th. of 3.4 

kb and 1.0 kb wre subjected to ligation reaction for 16 

hours at 16°C. 

vtin th. ligation tonotioo oolotlen, Irehorichlo 
tro.oi.t~i in *«»->*”>=• »• **"■ 

nntionad kno» ptooo.., th. —Iting t~»f.«~tt «. 

, on LB ogot ~dio» oont^nlng SO w/1 -*i=ilU» •«* 

than culturad overnight at 37°C. 

1 , ontroeting . H— ■** fro. th. thu. g«~ ooloni- 

of th. tronofonaont in acoor~~ -fth th. -~«~ti«-d 
^ p^-o, th. 2. pr<notoroff.e~l «p»o.ion ~=tor 

«*«*» of th. pl— hi — 

by restriction anayna cleavage (fig. D • 

A 0.2 W portion of the purified P**31 CN * *“ 

0 , tr - . .ith ~tri=tion onfl-o ».« <=“' «- 

m fro^onto ~ ^.t~ W ^ ^o«ooph<»~f 

tl»» . f«g~>t of 3.4 kb — *«"— 1 
« Kit. » 0.5 „ portion of th. p«ifi- P 2 * 2 “» — 
.ith ftriction on.V~. M-”'* 1 * '~“ Ui ” 9 

*h fragaonta .^.t- * ***™“ ^ oioctrophocMio 

„* a-n . frogtant of 2 3 kb ■*• tn 

nannor. 

Doing n ligation kit, th. frtg~nto of 3 * kb 2 3 
»„ oobj.et«i to ligation t-etio. f« 1« h«*. at 1S-C. 
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Using the ligation reaction solution, Escherichia 
aoli MM522 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
spread on LB agar medium containing 50 [xg/ml aspicillin and 
then cultured overnight at 37°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the above-mentioned 
known process/ the P L promoter-effected c!857 repressor- 
containing expression vector pPAC31 was obtained. Structure 
of the plasmid was recognised by restriction enxyme cleavage 
(Fig. 1). 

2) Construction of galU expression plasmid 

Chromosomal DNA of Escherichia colx W3100 was 
isolated and purified by a known prooeas (for example , 
Current Protocols in Molecular Biology, John Wiley and Sons 
Inc. (1994)). 

The sense strand DNA primer shown in SEQ ID 110:1 and 
the antiaence strand DNA printer shown in SEQ ID 110:2 were 
synthesised using 380A DNA Synthesiser manufactured by 
Applied Biosys tarns. 

The PCR process was carried out using the synthesised 
DNA strands as primers, and the chromosomal DNA of the strain 
W3110 as the tooplate. The PCR was effected using 40 fil of a 
reaction solution containing 0.04 jig of the W3110 chromosomal 
DNA, 0.5 of each primer, 1.0 unit of TAKARA Ex Taq 
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(manufactured by Takara Shuso Co., Ltd.) , 4 pi of 10 x Ex Taq 
buffer (manufactured by Takara Shuso Co., Ltd.) and 200 |iM of 
eaoh deoxyNTF, and repeating 30 cycles of the reaction, each 
cycle containing »4°C for 1 minute, 42 a C for 2 minutes and 
72°C for 3 minutes. 

A 1/10 volume of the reaction solution was subjected 
to agarose gel electrophoresis to verify anplifieation of the 
fragment of interest, and then the remaining reaction 
solution was with the same volume of phenol/ chloroform 
(X vol/1 vol) solution with saturated TE (10 aM Tris-HCl 
buffer (pH 8.0) and 1 oM B)TA) . The mixture solution was 
centrifuged, and the thus obtained upper layer was mixed with 
2 volumes of cold ethanol and allowed to stand for 30 minutes 
at -80°C. The solution after standing was centrifuged to 
obtain a precipitate of 0N&. The precipitate was washed with 
70% ethanol and dried in vacuo to reaover the 
precipitate. Hereinafter, the stops starting from the 
addition of phanol/Chloroform solution with saturated TK 
until the recovery of the ethanol-washed DMA are referred to 
as an ethanol precipitation prooess. 

The DMA precipitate was dissolved in 20 (il of TE. 
Using 5 nl portion of the solution, DNA cleaved with 
restriction ensymes Hiadlll and PsniTX , the resulting DNA 
fragments were separated by agarose gel electrophoresis and 
KVon a fragment of 0.9 kb was recovered using Gena Clean IX 
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Fit. A 0.2 ng portion of pEA31 SNA obtained in Exasple 1-1) 
ms cleaved with restriction enzymes Hiadlll and BsnBI , the 
resulting DNA fragments were separated by agarose gel 
electrophoresis and then a fragment of 4.2 kb was recovered 
in the same maimer. 

Using a ligation kit, the fragments of 0.9 kb and 4.2 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, SmcbmrlebiM 
K3T8415 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
spread on LB agar medium containing 50 lig/al aopicillin and 

than cultured overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the above-mentioned 
known prooesa, galU expression plasmid pWT9 was obtained. 
Structure of the plasmid was recognised by restriction ansyme 
elMvago (8*19. 2 ) . 

3) Construction of simultaneous gait), FP* expression plasmid 

The sense strand DK& primer shown in SEQ ID N0:3 and 
th e antisanoe strand DN A primer shown in SEQ ID NO: 4 were 
synthesised, and the PCR was carried out using the 
synthesised DMA strands as primers, and the chromosomal DMA 
of the strain W3110 as the taaqpiata, under the same 
conditions as described in the foregoing. 
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After ccopletion of the PCR treatment, a precipitate 
of DNA was obtained by tba athanol precipitation prooass. 
Iha pracipitata was dissolved in 20 (il of 18- Using 5 |xl 
portion of the solution, the DNA was cleaved with restriction 

BofiX and Sail, the resulting DNA fragments ware 
separated by agarose gel electrophoresis and than a fragment 
of 1.0 kb was recovered using Gene Clean II Kit. A 0.2 |ig 
por t i^r of pNT9 SNA obtained in Example 1-2) was cleaved with 
restriction ensymes BssSI and Sail, the resulting DINA 
fragments were separated by agarose gel electrophoresis and 
a fragment of 4.9 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 1.0 kb and 4.9 
Kb were subjected to ligation reaction for 16 hours at 16 C . 

Using the ligation reaction solution, E scher ichia 
rrj j (QT 8415 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
spread on IS agar median containing 50 (ig/ml aspieillin and 
cultured overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the above-mentioned 
known process, the galU, ppa s i multa n eous expression plasmid 
pNTl2 was obtainad. Structure of the plamnid was recognised 

by restriction ensyme cleavage (Fig. 2) . 

A 0 . 5 ng portion of the pNT12 DNA was cleaved with 
restriction ensymes Eceffll and Sail, the resulting ONA 
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fragments were separated by agarose gel electrophoresis and 
then a fragrant of 2.2 kb was recovered using Gene Clean IZ 
Kit. Separately from this, a 0.2 |ig portion of pSTV28 DN A 
(manufactured by Talcara Shuxo Co., Ltd.) was cleaved with 
restriction ensyms EcoRI and Sail, the resulting DNA 
fragment* were separated by agarose gel electrophoresis and 
the n a fragrant of 3.0 kb was recovered in the same m a nner . 

Using a ligation kit, the fragments of 2.2 kb and 3.0 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaotion solution, Escherichia 
cell 104522 was transformed in the usual way, and the 
resulting transformant was spread on LB agar medium 
10 |ig/ml chloranphanicol and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in the usual way, the galU, ppa 
expression plasmid pBT32 was ob t a ine d. 
Structure of the plasmid was recognised by restriction ansym 
cleavage (Tig. 2) . 

gm-mpi m 2: Production of ODF-Glc 

Escherichia coli KZ8415/pMT12 obtained in Example 1 
was inoculated into a 1 L baffled conical flask containing 
125 ml of LB medium supplemented with 50 ng/ml ampieillin and 
cultured at 30 # C for 17 hours under shaking at 220 rpm. A 



s&r 


125 ml portion of the culture broth was inoculated Into «5L 
culture vassal containing 2.5 L of an aqueous madias (without 


adjusting pH) which contains 10 g/1 glucose, 12 g/1 Baoto- 
Tryptone (manufactured by Dif go) , 24 g/1 feast Extract 
(manufactured by Difco) , 2.3 g/1 (separate 
sterilisation), 12.5 g/1 M®©* (separate sterilisation) and 
50 (jg/ml mqsicillin and cultured at 30°C for 4 hours and then 
at 40°C for 3 hours, under conditions of 600 rpm and 2.5 
L/min of aeration. 

During the culturing, pH of the medium was maintained 


at 7.0 using 28% aqueous ammonia. In addition, glucose was 
^d^id during the culturing when required. The culture broth 
was centrifuged to obtain wet cells. As occasion demands, 
these wet cells can be preserved at -20°C and utilised by 
tha wing the cells prior to use. 

Cbryaabectarxum eumcn iag ene s ATCC 21170 was 
< n — into a 300 mi-baffled conical flask containing 20 


ml of an aqueous medium of 50 g/1 glucose, 10 g/1 Polypeptone 
(manufactured by Nippon Seiyaku) , 10 g/1 feast Extract 

(manufactured by Oriental feast) , 5 g/1 urea, 5 g/1 (NHJjSO*, 
1 g/1 KHjPOf, 3 g/1 KjHFO,, 1 g/1 MgS0 4 -7Hj0, 0.1 g/1 CaCl 2 -2Hjp, 
10 mg/1 FeS0 4 -7Hj0, 10 mg/1 ZnS0 4 -7H*0, 20 mg/1 MnSO,- 4-6HjO, 
20 mg/1 L- eye tains, 10 mg/1 calcium D-pantothanate, 5 mg/1 
vitamin B*, 5 mg/1 nicotinic acid and 30 (ig/1 biotin 
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(adjusted to pH 7.2 with 10 N NaOH) and culturod at 28 # C for 

24 hours undsr shaking At 220 rjn. 

A 20 al portion of tho culture broth was inoculated 

into a 2 1 baffled conical flask containing 250 ml of the 
aqueous medium and cultured at 2B°C for 24 hours under 
shaking at 220 spm. The thus obtained culture broth was used 

as a seed culture broth. 

A 250 ml portion of the seed culture broth was 
inoculated into a 5 L culture vessel containing 2.25 L of an 
aqueous medium of 150 g/1 glucose, 5 g/1 extract 

(manufactured by *3fokuto Pharmaceutical Industry), 10 g/1 
*B£O t , 10 g/1 K2HP0 4 , 10 g/1 MgS0 4 -7H*0, 0.1 g/1 CaCl^H^, 20 
■g/1 IbKVTHA 10 mg/1 ZnSO^Hp, 20 »g/l MnS0 4 -4-6B* 
(separate steriliration) , 15 mg/1 ^-alanine (separate 

sterilisation) , 20 mg/1 L-cy.taine, 100 W /i biotin, 2 g/1 
urea and 5 mg/1 vitamin ^ (separate sterilisation) (adjusted 
to pH 7.2 with 10 N NaOH) and cultured at 32 e C for 24 hours 
under conditions of 600 rpm and 2.5 L/min of aeration. 
During the culturing, pH of the culture broth was maintained 

at 6.8 using 28% aqueous anaonia. 

The culture broth was centrifuged to obtain wet cells. 

As occasion dmnanda, these wet cells can be preserved at - 
20°C and utilised by thawing the cells prior to use. 

A 30 ml portion of a reaction solution having a 
position of 40 g/1 Escherichia coU Kl84lS/pNT12 wet <*lls, 
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wo ,/i ot~i- — «*•«•“* «* 21110 “ t °* U *' 

WO g/1 glucoea, 20 g/l **».. 5 «A 5 » /X phyUO 

«id, 21.2 9/1 orotio *»“ ** lt> ' * * A 

9-215 «- io -/i «sri— ~ i»t i»“ • *» - 1 “ d “ 

*,«. of «- reaction -»*- “ 32>C * Urrl ” 

u» eoaetion aolotioo aith • ~9»*tio *tlir« <»00 epa) . 

During th. enaction, pH of th. ration ~lotl« «“ 
maintain* .t 1.2 Ming < H HnOB, end gl»o»~ end KW». “» 
addad whan required. 

By the reaction, 43.9 g/l <®P-flle <2Na a*lt) 
formed in the reaction solution. 

n — p.- 3: conateuction of recraMnant plmmaU oopeblo of 

M^eoooing golf and gal* 

Conatsuetion proo*. of eooa*lnant pl—ld pMT25 
nnpnbl. of oapc~alng «•» and g** * *" U “ 

following (Fig- 3 > • 

The sense strand DNA primer ahown in SEQ ID NO: 
the antiaence strand DNA. primer ahown in SBQ ID *»•« 
synthesized. The PC* was carried out uaing the synthesized 
BHA strands aa primer. , and the chxceoa-al DNA of the atraxn 
W 3 H 0 .a the t-plate, under the a— condition. ** — “ 

in the foregoing. . 

kftox .reflation of th. MR toaoO-ot, a prooiplta 

ef cm aaa obtain* 1* th. otl»n.l precipitation P™=— ■ 
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The precipitate was dissolved in 20 ^1 of TE. Using 5 ^1 
portion of the solution, the DNA was cleaved with restriction 
ensymes JZiadXZZ and Hindi, the resulting DNA fragments were 
separated by agarose gel electrophoresis and then a fraggeant 
of 2,3 kb was recovered using Gene Clean ZZ Kit. A 0.2 yg 
portion of pBluesoript ZZ SK+ DNA was cleaved with 
restriction enzymes ffindIZZ and EcaBV, the resulting SNA 
fragments were separated fay agarose gel electrophoresis and 
then a fragnant of 3.0 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 2.3 kb and 3.0 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, Sscberiehia 
coli NM522 was transformed in accordance with the above* 
m e nti oned known process, and the resulting transformant was 
spread on LB agar medium containing 50 fig/ml anpieillin and 
than cultured overnight at 30°C. 

By extracting a plasmid from the thus g ro wn colonies 
of the transformant in accordance with the above-mentioned 
known process, plasmid pNT19 containing galT and galX genes 
was obtained. Structure of the plasmid was rec o g n ised by 
restriction enzyme cleavage (Fig. 3) . 

A 0.5 yg portion of the pNT19 DMA was aleaved with 
restriction enzymes ClaT and BanflZ, the resulting DMA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 2.3 kb was recovered in the same manner. 
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& 0.2 |ig portion of the pPAC31 DMA obtained in Exanple 1*1) 
was oleaved with restriction anzymss Clal and BanfiX, the 
resulting SNA fragments ware separated by agarose gal 
electrophoresis and then a fragment of 5.5 kb was recovered 
in the sane manner. 

Using a ligation kit, the fragments of 2.3 kb and 5.5 
kb were subjected to ligation reaction for 16 hours at 16°C . 

Using the ligation reaction solution, Sscherichia 
coll NM52 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
spread on Xfi agar medium containing 50 ^g/ml arpicillin and 
then cultured overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the ab o ve-mentioned 
known process, plasmid pNT25 capable of expressing galT and 
galK simultaneously was obtained. Structure of the plasmid 
was reeognised by restriction ansyma cleavage (Fig. 3) . 

Exaaple 4: Production of UDP-Gal 

1) Preparation of galT, galK, galU, ppa expression strain 

Using the pMT32 DNA obtained in Exarple 1-3) , 
Sscherichia coli MM522/pNT25 was transformed in accordance 
with the above-mentioned known process , and the resulting 
transformant was spread on IB agar medium containing 50 pg/ml 
aapicillin and 10 tig/ml chlorasphenicol and then cultured 
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overnight at 30 e C. By selecting the thua grown transformants , 
Ssebesichia coll NM522/pNT25/pNT32 was obtained as the galT, 
galK/ galO, ppa expression strain. 

2) Production of UDP-Gal 

V. coli NM522/pNT25/pNT32 obtained in 
Bxaaple 4 - 1 ) was cultured in the same manner as in Bunp ls 2 , 
A n d the culture broth waa centrifuged to ob tai n wet cells. 
Also, Cbxynebaeterlun annaniagaaas ATCC 21170 waa cultured in 
the mm wmHftor as in Sxasple 2, and the culture broth waa 
centrifuged to obtain wet oells . As occasion demands , the 
vat cells can be preserved at -20°C and utilised by thawing 
them prior to use. 

A 2 L portion of a reaction solution having a 
composition of 50 g/1 Bschariehia coll t®4522/pNT25/pNT32 wet 
cells, 150 g/1 Coxynabrnetmziim amnmagenes ATCC 21170 wet 
oells, 80 g/1 glucose, 20 g/1 galactose, 15 g/1 KH 2 PO 4 , 5 g/1 
Mga 0 4 ' 7 H 20 , 5 g /1 phytic acid, 21.2 g /1 orotie acid 
(potassium salt) , 4 g/1 Hpmeen S-215 and 10 ml/1 xylene was 
put into 5 I» culture vessel, and 26 hours of the rea cti on was 
carried out at 32°C under stirring the reaction solution at 
600 rpm with an aeration rate of 1 L/min. 

During the reaction, pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and glucose, galactose and 
KHjPO, were added whan required. 
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By the reaction , 47.4 g/1 UDP-Gal (2Ka salt) was 
formed in the reaction solution. 

Bxasple 5: Constsuetion of recombinant plasmid capable of 
expressing galT and galK in CozyBabactarium aaaoniagena* 

Construction process of recombinant plasmid pTK7 
capable of expressing gscherichia coll -derived galT and galK 
in Coxynabactmrivm mwnoniagmoma is described in the following 
(Fig. 4). 

1) Construction of pCG116 

Plasmid pCG116 eapable of replicating in 
Cozynahactaritan aanonlagmomm was constructed in the following 
manner. 

A 0.5 yg portion of plasmid pCGll (Ja p ane s e Published 
Examined Patent Application No. 91827/94) DNA was cleaved 
with restriction enzymes PstX and StuX, the resulting DNA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 6.5 kb was recovered using Oene Clean II 
Kit. 

On the other hand, a 1.0 (ig portion of plasmid pOC19 
DNA was cleaved with a restriction enzyme ScaKL and then 
blunt-ended using DNA Blunting Kit (manufactured by Takara 
Shuso Co., Ltd.). The DNA thus blunt-ended was cleaved with 
a restriction enzyme PstI, the resulting DNA fragments were 
separated by agarose gel eleotrpphoresis and then a fragment 
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of 43 bp «u recovered using MStaaid Kit (manufactured by 
BiolOl) . 

Using a ligation kit, the fragnants of 6.5 kb and 43 
bp mh subjected to ligation raaetion for 16 hours at 16°C. 

g j-ln g the ligation reaction solution, Cozyaabaoteriiai 
aimxmlmgmnms ATCC 21170 was transformed by the 
electroporation method (JSHS Microbiol. Lett., 65, 299 

(1989) ) , a"d the resulting transformant was spread on IS agar 
maditm 100 itg/ol spectinooycin and then cultured 

at 30°C for 2 days. 

by extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the known process (J. 
Bacterid., 159, 306 (1984)), plasmid pCG116 was obtained. 
Structure of the plasmid was recognised by restriction ensyme 
deavage (Fig. 4) . 

2) Construction of pTK7 capable of expressing galT and galK 

A 1.0 |ig portion of the galT and galK egression 
pNT25 DMA obtained in Exanple 3 was cleaved with 
restriction ensymas Ae I and Banfil, the resulting DMA 

fragments were saparated by agarose gel electrophoresis and 
t H" a fragment of 3.5 kb was recovered using Gene Clean II 
Kit. 

On the other hand, a 0.5 |ig portion of the plasmid 
pCOH 6 DNA prepared in Exanple 5-1) was cleaved with a 
restriction enzymes Sail and BasSI, the resulting DMA 
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fragments ware separated by agaxoaa gal alaotraphoraais and 
than a f remnant of 6.5 kb was raeovarad In tha aama n annar . 

Using a ligation kit/ tha fragments of 3.5 kb and 6.5 
Kb warn subjactad to ligation raaotion for 16 hours at 16°C. 

Using tha ligation inaction solution, Coxynabactarium 
aTCC 21170 was transformed by tha 

alactraporation process, and tha rasulting transformant was 
spread on LB agar containing 100 (ig/ml spa c t. 1 nc mycin 

and than cultured at 30°C for 2 days. 

By extracting a plasmid from tha thus grown colonies 
of the transformant in accordance with tha known process , 
pi— ™ pTK7 enable of expressing gall and galX 

simultanaously was obtained. Structure of tha plasmid was 
recognised by restriction ensyme cleavage (Fig. 4) . 

Exaqple 6: Production of UDP-Gal 

CbrynebaetariisB asmon iegaoes AICC 21170/pTK7 obtained 
in Exanple 5 was cultured by the same process as described in 
Bxanpla 2 at 32 e C for 20 hours and than at 40°C for 4 hours, 
tn d tha thus culture broth was centrifuged to obtain 

wet cells. As occasion demands, tha wet aells can be 
preserved at -20°C and utilised by thawing them prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 150 g/1 CoryBabacfcariim amnoniaganes AICC 

21170/pTK7 wet oells, 40 g/1 fructose, 20 g/1 galactose, 15 
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g/1 KB]P0 4/ 5 g/1 MgSO« -7HP, 5 g/1 phytic acid, 10.6 g/1 
orotic acid (potassium salt) , 4 g/1 Nymaon S-215 and 10 ml/1 
xylono ms put into a 200 ml bmaker, and 22 hours of tha 
was carrimd out at 32°C undar stirring tha reaction 
solution with a magnetic stirrer (900 rpm) . 

During tha reaction, pH of tha reaction solution was 
-i at 7.2 using 4 H NaOH, and fructose, galactose and 

KBgSOt ware added whan required. 

By the reaction, 7.2 g/1 ODP-Gal (2Na salt) was 
formed in tha reaction solution. 

ffvawp l n 7 : Construction of gl®D, ppa, pgni, glsM, glk and 

pfkB expression pl as mi d 

1) Construction of glmU and ppa expression plasmid 

Tha sansa strand PNA primer shown in SBQ ID HO: 7 and 
antisenoa strand SNA primer shown in SBQ ID HO: 8 ware 
synthesised. Tha FCR was carried out using tha synthesised 
DMA strands as primers, and the chromosomal DMA of the strain 
W3110 as the tsoplate, under the same conditions as described 
in the foregoing. 

After completion of the FCR treatment, a precipitate 
of DMA was obtained by the ethanol precipitation prooess. 
The DMA precipitate was dissolved in 20 |il of TE. Using 5 jjI 
portion of the solution, the DMA was cleaved with restriction 
enzymes JXladXXX and Banfll, the resulting DMA fragments were 
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lapar&tad by aQtzost gal alaotrophosula and than a fn^nnt 
of 1.4 kb was recovered using Sana Cloan 11 Kit. A 0.5 \ig 
portion of pFA31 DMA obtainod in Bxaaple 1-1) was oloavod 
with rastriction ansymas Kindlll and BanfiX, the resulting UNA 
fragments were separated by agarose gel electrophoresis and 
a frapnant of 4.2 kb was recovered in the saae manner. 

Using a ligation kit, the fragments of 1.4 kb and 4.2 
kb were subjected to ligation reaction for 16 hours at 16 D C. 

Using the ligation reaction solution, Escherichia 
K78415 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
g pr ani on IB agar medium containing 50 |ig/ml anpieillin and 

then cultured overnight at 30°C . 

By extracting a plasmid from the thus grown colonies 
of transformant in accordance with the above-mentioned 

known process, glmD expression plasmid pKTIO was obtained. 
Structure of the plasmid was recognised by restriction ensyme 
cleavage (Fig. 5) . 

A 0.5 |ig portion of the pNT12 DNA obtained in Zxasple 
1-3) was eleaved with restriction ensymes Bssfll and Sail, the 
resulting DNA fragments were separated by agarose gel 
electrophoresis and than a frapaent of 1.0 kb was recovered 
in the same manner. A 0.2 fig portion of the just described 
pNTlO DNA was cleaved with restriction enxymas BsbBI and Sail, 
the resulting DNA fragments were separated by agarose gel 
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olactrephotwit and than a fragment of 5.3 kb was raeovarad 
in tha same aannar. 

Using a ligation kit, tha fragments of 1.0 kb and 5.3 
kb vara subjected to ligation naaetien for 16 hours at 16*C. 

Using ***» ligation ra action solution, Kseherichia 
Kf8415 was transformed in aooozdanoa with tha abova- 
known prooass, and tha resulting transfonaant was 
spread on LB agar aadium containing 50 (ig/nl anpi oillin and 

than cultured ovaxnight at 30°C. 

By extracting a plasaid from tha thus grown colonies 
of the transformant in accordance with tha above -non tionad 
known process, the glaU, ppa simultaneous agression plasmid 
pOTi 4 obtained. Structure of tha plasaid was recognised 
by restriction an cyme cleavage (Fig. 5) . 

2) Construction of pgm expression plasmid 

■wi« psnwa strand UNA primar shown in SBQ ID NO: 9 and 
tha nnt' 1 strand DNA priaar shown in SBQ ID NO: 10 were 

synthesised. The PCR was carried out using tha synthesised 
DNh strands as printers , and tha chromosomal ONA of tha strain 
W3110 as tha tanplate, under tha same conditions as described 
in tha foregoing. 

After completion of tha FCR, a precipitate of DMA was 
obtained by the ethanol precipitation process. The 
precipitate was dissolved in 20 jil of TE. Using 5 Hi portion 
of the solution, the DNA was cleaved with restriction enzymes 
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dal and BaoBX, the resulting D NA fragments were separated by 
agarose gel eleotrophoresis and then a fragment of 1.8 kb was 
ceoovered using Gene Clean II Kit. A 0.2 jxg portion of the 
pPAC31 DMA obtained in Bxasple 1-1) was cleaved with 
restriction enzymes dal and Bsafil , the resulting DMA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 5.5 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 1.8 kb and 5.5 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, Escherichia 
NM522 was transformed in accordance with the above- 
mentioned known process, and the resulting transformant was 
on LB agar medivn containi n g 50 iig/ml a npi cillln and 

than cultured overnight at 30°C. 

By extracting a plasmid from the thus grown aolonies 
of the transformant in accordance with the above-mentioned 
known process, pgm expression plasmid pNT24 was obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 6) . 

3) Construction of glmM expression plasmid 

The T^"° n strand DNA primer shown in SBQ ID MO: 11 and 
tho anti senes strand DMA primer shown in SBQ ID MO: 12 were 
synthesized. The PCR was carried out using the synthesized 
DMA strands as primers , and the chromosomal UNA of 
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fffr , coll W3110 as the under the aan 

conditions as described in the foregoing. 

After conflation of the SCR, a precipitate of UHA was 
obtained by the ethanol preeipitation process . The 

precipitate was dissolve in 20 ^ of TE. Using 5 portion 
of the solution, the DNA was eleaved with restriction 
del and BssHl, the resulting DMA fragmants were separated by 
agarose gel electrophoresis and then a fragment of 1.6 kb was 

.eeovered using Gan* Clean II Kit. A 0.2 |ig portion of the 

pPAC31 DNA obtained in Example 1-U was cleaved with 
restriction enrymes Clal and Hsofll, the resulting DKA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 5.5 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 1.6 kb and 5.5 
W, were subjected to ligation reaction for 16 hours at 16“C. 

Using the ligation reaction solution, Escherichia 
colL NM522 transformed in accordance with the above- 

mntionod known process, and the resulting transformant was 
spr.ad on IB agar medium containing 50 (ig/ml anpicillin and 

then cultured overnight at 30®C. 

extracting a plamaW from the thus groan colon!*# 

of th. transformant in .ccort^o. alth th. abo«-m«»t±o»- 
toano prooaa. , ,1* arpr—ion pW-W 1 — 

Stroctor. of the pla»K* «" »~g»i— ** r^trlotion onnpn 

cleavage (Fig. *7) . 
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4) Cons true tion of glk agression plasmid 

The sansa strand DNA priaar shown in SBQ ID NO: 13 and 
tha antisanoa strand DNA priaar shown in SBQ ID NO: 14 warm 
synthasisad. Tha PCR was earriad out using tha synthesised 
DNA strands as primars , and tha chromosomal DMA of 
Escherichia call W3110 as tha tssplate, undar tha sama 
conditions as dascribad in tha foregoing. 

Aftar conflation of tha PCR, a pracipitata of DNA was 
obtainad fay tha athanol praoipitation proaass . Tha 
pracipitata was dissolved in 20 |d of TB. Using 5 )il portion 
of tha solution, tha DNA was elaaved with rastriotion ansynas 
Hindlll and BasfiX, tha resulting SNA fragments ware separated 
by agarose gal electrophoresis and than a fragment of 0.5 kb 
was zeeovared using Gena Clean IX Kit. 

A 0.2 (ig portion of tha pFA31 DNA obt a ina d in E xampl e 
1-1) was cleaved with restriction anaymas HI nrlT II and BaaSX, 
tha resulting DNA fragments were separated fay agarose gel 
electrophoresis and than a fragment of 4 . 2 kb was recovered 
in tha same manner. 

Using a ligation kit, tha fragments of 0.5 kb and 4.2 
kb were subjected to ligation reaotion for 16 hours at 16 e C. 

Using tha ligation reaction solution, Sscharichia 
coll NM522 was transformed in accordance with tha usual 
prooass, and tha resulting transformant was spread on I£ agar 
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containing 50 [ig/wl sapicillin and than cultured 
overnight at 30°C. 

By extracting a plasaid from the thus grown colonies 
of the transformant in the usual way, plasmid pNT45 
containing a part of glk was obtained. Structure of the 
plasmid was recognised by restriction enzyme cleavage (Fig. 
8 ). 

The PGR was carried out under the same conditions 
described above, the DNA contained in 5 |il portion of the 
thus obtai ned DMA solution was cleaved with a restriction 
ensyme Hindlll, the resulting DMA fragments were separated by 
agarose gel electrophoresis and then a fragment of 0.5 kb was 
recovered in the same manner. A 0.2 jig portion of the pMT45 
DNA obtained by the just described prooess was cleaved with 
the restriction ensyme ffindlll and subjected to a 
dephosphorylation treatment with alkaline phosphate se, the 
resulting DMA fragments were separated by agarose gel 
electrophoresis and then a fragment of 4.7 kb was recovered 
in the same manner. 

Using a ligation kit, the fragments of 0.5 kb and 4.7 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaotion solution , EschmrlchiM 
coll MM522 was transformed in accordance with the usual way, 
and the resulting transformant was spread on LB agar medium 
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wi wg 50 ng/ml s^icilliA tnd thfln cultural uvuniQht 

30°C. 

By •xtractlaQ ■ plunid ficn thu thus grown colenlM 
of the transformant in aeoordanoa with tha usual way, glh 
expression r i»—id pNT46 was obtained. Structure of tha 
pi A was raeognised by restriction ensyma cleavage (Fig. 
8 ). 

5) Construction of pfkB expression p l a smi d 

Tha unifi strand DNA primer shown in SEQ ID 110:15 and 
tbe antisence strand OtA prirnar shown in SEQ ZD MO: IS ware 
synthesised. Tha FCR was carried out using tha synthesised 
strands as primers, and the chromoso m a l OKA of the st r ai n 
M3110 as tha template, under tha same conditions as described 
in tha foregoing. 

After completion of tha PCR, a precipitate of ENA was 
obtainad by the ethanol precipitation prooess . The 
precipitate was dissolved in 20 ill of TE. Osing 5 |il portion 
of the solution, the DMA was cleaved with restriction ensymes 
KiadlXX a nd EcoKV, the resulting DMA fragments were separated 
by agarose gel aleatrophoresis and than a fragment of 1.3 kb 
was recovered using Gena Clean II Kit. A 0.2 iig portion of 
pBluescript II SK+ DMA was cleaved with restriction ensymes 
Hindlll and EccKV, the resulting DMA fragments were separated 
by agarose gel electrophoresis and than a fragment of 3.0 kb 
was recovered in the same manner. 
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Using * ligation kit, the fragments of 1.3 kb and 3.0 
kb war* subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaotion solution, Escherichia 
coll NNS22 was transformed in accordance with the usual 
process, and the resulting transformant was spread on LB agar 
medium containing 50 fig/ml aspieillin and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus grown oolonies 
of the transformant in accordance with the usual process, 
plasmid pNT43 containing the pfkB gene was obtained . 
Structure of the plasmid was recognised by restriction enzyme 
cleavage (Fig. 9) . 

A 0.5 Mg portion of the pNT43 DNA was cleaved with 
restriction enzymes dal and Sad, the resulting DNA 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 1.3 kb was recovered in the same manner. 

A 0.2 MU portion of the pFAC31 DNA obtained in 
Bxazg>le 1-1) was cleaved with restriction enzymes dal and 
Sad, the resulting DNA fragments were separated fay agarose 
gel electrophoresis and then a fragment of 5.7 kb was 
recovered in the same manner. 

Using a ligation kit, the fragments of 1.3 kb and 5.7 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , Escherichia 
coll NM522 was transformed in accordance with the usual 


- 85 


process, and the resulting transformant was spread on LB agar 
medium containing 50 lig/al anpieillin and than c u lt u red 
overnight at 30°C . 

By extracting a plasmid from the thus grow n colonies 
of the transformant in accordance with the usual process, 
pfkB expression plasmid pNT47 was obtained. Structure of the 
plasmid was recognised by restriction ansyme cleavage (Fig. 
9). 

Example 8: Production of ODF-GleMAc 

Escherichia coli Kf8415/pMT14 , NM522/pHT24, 
NM522/pNT44 and NM522/pNT47 obtained in Example 7 were 
cultured in the same manner as in Exasple 2, and each of the 
thus obtained culture broths were centrifuged to obtain wet 
cells. As oooasion demands, these wet cells can be preserved 
at -20°C and utilised by thawing the cells prior to use. 

A 0.1 oil portion of a reaction solution having a 
compo sition of 6 g/1 Escherichia coli NM522/pNT24 wet cells, 
€ g/1 NM522/pNT47 wet cells, 100 ON Tris-HCl buffer (pH 8.0) , 
6 oM MgCl^'SBp, 10 sM glucose- 6-phosphate, 2.5 nM fruotosa- 
6-phosphate, 2.5 sM ATP and 4 g/1 Nymeen S-21S was put into a 
1.5 ml tube, and 1 hour of the reaction was carried out at 
37 a C. Hie reaction solution was treated at 65°C for 5 minutes 
and shortage in aells and substances was suspended until 0.3 
g/1 Escherichia coll KTB415/pNT14 wet cells, 6 g/1 
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NM522/pNT44 wet calls, 5 xd4 glucos amine- 6 -phosphate, 5 bM 
aoatyl-CoA and 5 oM OTP, sad than 30 minutes of the reaction 
was carried out at 37°C to find that 2.5 d( (1.6 j/1) 0DP- 
GldNAe (2Ka salt) was formed in the reaction solution. Zn 
this connection, when Escherichia coll NMS22/pNT24 wet cells 
or NM522/pNT47 wet cells were not added, formed amounts of 
the tJDP-GlcNAc ware 0.08 sM and 0.16 bH, respectively. 

mesa results indicate that Glc-1 , 6-P2 naaessary for 
the expression of glaM activity can be provided by the 
combination of a pgm expression strain with a pfkB expression 
strain. 


Exssple 9: Production of UDP-GlcNAe 

Eae bsrlchla coll KY8415/pNT14, HM522/pNT24, 
NM522/pNT44, NM522/pNT46 and NM522/pNT47 Obtained in Example 
7 were cultured in the same manner as in Example 2, and each 
of thus obtained culture broths was centrifuged to ob t a in 
wet cells. Also, Cbrynabactarium amnanlageae* ATCC 21170 was 
cultured in the same manner as in Exaaple 2, and the thus 
obtained culture broth was cantrifuged to obtain wet cells. 
As occasion demands, these wet cells can be preserved at 
-20*C and utilised by thawing tha calls prior to usa. 

A 30 ml portion of a reaction solution having a 
ccoposition of 10 g/1 wat oells of aach of Escherichia cell 
IW8415/pHT14, MM522/pMT24, NM522/pNT44, MM522/pNT47 and 


NM522/pNT46, ISO g/1 Corynabaatmriua mmmiit gm nm a ATCC 21170 
wat calls , 50 g/1 fructose, 80 g/1 glucosamine hydrochloride, 
15 g/1 XBgffO,, 5 g/1 MgSO^HjO, 5 g/1 phytic acid, 10 g/1 
orotic acid (potassium salt) , 4 g/1 Nymoen 8-215 and 10 ml/1 
j^lene was put into a 200 ml beaker, and 10 hours of the 
reaction was carried out at 32°C under stirring the reaction 
solution with a magnetic stirrer (900 rpn) . 

During the reaction, pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and fructose and KH^PO ( 
were added when required. 

By the reaction, 6.2 g/1 ODP-GlcNAc (2Na salt) was 
formed in the reaction solution. 

Example 10: Construction of galK expression plasmid 

A 0.5 fig portion of the pNI25 DNA obtained in Example 
3-1) was cleaved with restriction ensymas dal and EccRV, the 
resulting DNA fragments ware separated by agarose gel 
eleatrqphoresis and then a fragment of 6.7 kb was recovered 
using Gene Clean II kit. The thus recovered DNA was blunt- 
using DNA Blunting Kit and then subjected to ligation 
reaction for 16 hours at 16°C using a ligation kit. 

Using the ligation reaction solution, Escherichia 
coll NMS22 was transformed in accordance with the usual 
process, and the resulting transformant was spread on LB agar 




bkUub containing 50 iig/nl upiolllin and than culturad 
ovacnight at 30°C. 

By extracting a plasmid frost the thus grown colonies 
of the transformant in accordance with the usual process, 
galK expression plasmid pNT54 was ob tain ed. Structure of the 
plasmid was reoognized by restriction enzyme cleavage (Fig. 
10 ) . 


Example 11: Production of ODP-GlCMAc 

EscharlchlM coli NK522/pNT54 obtained in Exasple 10 
was cultured in the same manner as in Ex a mp le 2 , and the 
culture broth was centrifuged to obtain wet cells. Also, 
asBoaiagenos ATCC 21170 was cultured in the 
.■mi manner as in Exasple 2, and the culture broth was 
centrifuged to obtain wet cells. As occasion demands , these 
wet cells can be preserved at -20°C and utilized by thawing 
the calls prior to use. 

A 30 ml portion of a reaction solution having a 
ccoposition of 50 g/1 Escherichia c o li NM522/pNT54 wet cells, 
150 g/1 CorynebaeteriiB airmnni agenas ATCC 21170 wet cells, 40 
g/1 fructose, 67 g/1 N-acetylglucoaamine, 15 g/1 KBjPO*, 5 
g/1 MgSOj - ItLfl , 5 g/1 phytio acid, 10 g/1 orotio acid 

(potassium salt) , 4 g/1 Nymsen S-215 and 10 ml/1 xylene was 
put into a 200 ml beaker, and 27 hours of the reaction was 
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carried out at 32°C under stirring the reaction solution with 

a magnetic stirrer (900 rps) . 

During the reaotion, pH of the reaction solution was 
at 7.2 using 4 N NaOH, and fructose and KHjSO* 
rare ***** when required. 

By the reaction, 17.1 g/1 UDP-GlcNAc (2Na salt) was 
fosasd in the reaction solution. 

E ftffp io 12: Simultaneous production of UDP-GlbNAc and ODP- 

Gal 

The strain MM522/pHT25 obtained in Example 3 was 
in the same manner as in Zxaaple 2, and the culture 
broth was centrifuged to obtain wet cells. Also, 
COrynabacterium aannnlaganes ATCC 21170 was cultured in the 
same manner as in Bxaaple 2, and the culture broth was 
centrifuged to obtain wet cells. As occasion demands, these 
wet oells can be preserved at -20°C and utilised by thawing 
the cells prior to use. 

A 30 ail portion of a reaction solution having a 
coaposition of 25 g/1 Escherichia eoli NM522/pMT25 wet cells, 
150 g/1 Cbrynebaeterium aamoniaganes ATCC 21170 wet cells, 60 
g/1 fructose, 50 g/1 N-aoetylglucosamine, 40 g/1 galactose, 
15 g/1 KHjS 0 4 , 5 g/1 MgS0 4 -7Hp, 5 g/1 phytic acid, 10 g/1 
orotic acid (potassium salt) , 4 g/1 Nymeen 8-215 and 10 ml/1 
xylene was put into a 200 ml beaker, and 24 hours of the 
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reaction was carried out at 32°C under stirring the reaction 
solution with a magnetic stirrer (900 rpu) . 

During the reaction/ pB of the reaction solution was 
at 7.2 using 4 N NaOB, and KB,PO t was added when 

required. 

By the reaction, 11.4 g/1 UDP-GlaNAc (2Na salt) and 
18 g/1 UDP-Gal (2Na salt) were formed in the reaction 

solution . 

Example 13: Construction of plasmid capable of expressing 

manB, manC, pgm and pfkB 

1) Construction of manB, manC expresaion plasmid 

The sense strand DMA primer ahown in SEQ ZD NO: 17 and 
the antisenoe strand DNA primer shown in SEQ ZD NO: 18 were 
synthesised. The ECR was carried out using the synthesised 
DtA strands as primers, and the chromosomal DNA of 
coll W3110 as the template, under the same 
conditions as described in the foregoing. 

After conflation of the FCR treatment, a precipitate 
of DNA was obtained by the ethanol precipitation process. 
The precipitate was dissolved in 20 |il of T*. Using 5 |xl 
portion of the solution, the DNA was cleaved with restriction 
ensyuas HindXXI and Banfll, the resulting DNA fragments were 
separated by agarose gel electrophoresis and then a fragment 
of 3.0 kb was recovered using Gene Clean ZZ Kit. A 0.2 (ig 
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portion of pBluescript II SK+ DNA «u cleaved with 
restriction ansymss Hindlll and Bsafll, the resulting ON* 
fragments were separated by agarose gel electrophoresis and 
then a fragment of 3.0 kb was recovered in the same manner. 

Using a ligation kit, both of the fragments of 3.0 kb 
were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, Kachmri dh i* 
cold. NH522 was transformed in accordance with the usual 
process, and the resulting transformant was spread on IB agar 
medium containing 50 iig/ml anpidllin and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the tranafomaant in accordance with the above-mentioned 
kn o w n process , plasmid pNK6 containing manC and manB was 
obtained. Structure of the plasmid was recognised by 
restriction ensyme cleavage (Fig. 11) . 

A 0.5 HQ portion of the pMK6 DMA was oleaved with 
restriction enzymes GlsI and BanSI, the resulting DMA 
fragments w e r e separated by agarose gel electrophoresis and 
than a fragment of 3.0 kb was recovered. A 0.2 \iq portion of 
pPAC31 UNA obtained in Exasple 1-1) was cleaved with 
restriction ensymas Clal and Bad I, the resulting UNA 
fragments were asperated by agarose gel eleotrophoresis and 
then a fragment of 5.5 kb was recovered. 


Osin? • ligation kit, tha fragments of 3.0 kb snd 5.5 
kb wars subjected to ligation rsaotion for 16 hours at 16°C. 

Using tha ligation reaction solution, Eachmzlehis 
r ~1 1 NM522 W as transformed in aeeordanea with tha usual 
process, and tha resulting transfonnant was spread on IB agar 
medium ~™ *»-ieieg 50 ng/ml snpioillin and than cultured 
overnight at 30°C. 

gy treating i plasmid from the thus grown colonies 
of the transformant in accordanoe with the usual process, 
manC, manB expression plasmid pNK7 was obtained. Structure 
of tha plasmid was recognised by restriction ensyme cleavage 
(Fig. 11) . 

2) Construction of pgm, pfkB simultaneous expression plasmid 

A 0.5 |ig portion of the pNT24 DMA obtained in Bxiimplm 
7 was aleaved with restriction ensymes XbeH and Baafll, tha 
resulting UNA fragments were separated by agarose gal 
electrophoresis and then a fragment of 3.0 kb was recovered 
using Gene Clean II Kit. On the other hand, a 0.2 fjg portion 
of pSTV28 DMA (manufactured by Takara Shuso Co., ltd.) waa 
cleaved with restriction ensymas Sail and BasBl, the 
resulting DMA fragments were asperated by agarose gel 
electrophoresis snd than a fragment of 3.0 kb was recovered 


in the same manner. 

Using a ligation kit, both of tha fragments of 3.0 kb 
were subjected to ligation reaction for 16 hours at 16°C. 
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Using the ligation reaction solution, E ach m ri ahiM 
eoli MM522 was transformed in acoordanoe with the usual 
proeass, and tha rasulting transformant was spraad on LB agar 
containing 10 (ig/nl chloraaphanicol and than cultured 
overnight at 30°C. 

By extracting a plasmid frost tha thus grown colonies 
of tha transformant in accordance with tha usual process, 
pMT53 containing tha pgm gene was obtained. 
Struoture of the plasmid was recognised by restriction enzyme 
cleavage (fig. 12) . 

The sense strand ISA primer shown in SEQ ZD 1)0:19 was 
synthesized, and the PCR was carried out using the sense 
strand DMA primer and the antisenoe strand DNA primer shown 
in SEQ ID 110:16, and the pNT47 DNA obtained in Example 7 as 
tmiplate, under the same conditions as described in the 
foregoing. 

After conflation of the PCR, a precipitate of DNA was 
obtained by the ethanol precipitation process. The 
precipitate was dissolved in 20 fil of T*. Using 5 |il portion 
of the solution, the DMA was cleaved with restriction ensymes 
SccRV and BglXX, the resulting DMA fragments were separated 
by agarose gel electrophoresis and then a fragment of 1 . 3 kb 
was recovered in tha same manner. A 0.2 \ig portion of pMT53 
DNA was cleaved with reatriction enzymes £kosX and BasBX, the 
resulting DNA fragments were separated by agarose gel 
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electrophoresis and than a fragment of 6.0 kb waa recovered 
in the same manner. 

Being a ligation kit, the fragments of 1.3 kb and 6.0 
Kb tmre subjected to ligation reaction for 16 hours at 16®C. 

Ba l T ^g the ligation reaction solution, Escherichia 
crl i MM522 was transformed in accordance with the usual 
process, and the resulting transformant was spread on LB agar 
stadium containing 10 (jg/ml chloramphenicol and cultured 
overnight at 30°C. 

9 y extracting a plasmid from the thus grown colonies 
of the transformant in aecordanoa with the usual process, 
pUT55 capable of expressing pgm and pfkB was obtained. 
Structure of the plasmid was recognised by restriction ensyme 
cleavage (Fig. 12) . 

Wwjwipia 14: Production of GDP-Man 

1) Preparation of manB, manC, pgm, pfkB egression strain 

Using the pNT55 0MB obtained in Example 13-2) , 
coll NH522/pNK7 was transformed in accordance 
with the usual process, and the resulting transformant was 
on ZS agar medium containing 50 iig/ml ampicillin and 
10 (jg/ml chloramphenicol and cultured overnight at 30°C. By 
the thus grown transformants , Escherichia coli 
NM522/pNK7/pHT55 was obtained as a manB, manC, pgm, pfkB 
expression strain. 
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2 ) Production of QDP-Man 

Eachmrichxa coll NH522/pNK7/pNT55 obtained in the 
above step 1) and Escherichia call M622/ pMT46 obtained in 
7 were cultured separately in the saae wann e r as in 

pi., 2 , and each of thus obtained the culture broths was 

centrifuged to obtain wet cells. Also, Ooryuebacterimi 
anmoniagane* ATCC 21170 was cultured in the sane nanner as in 
2, and the culture broth was centrifuged to obtain 
eet oells. Aa occasion d e mand s, these wet cells can be 
preserved at -20'C and utilised by thawing the oells prior to 
use. 

A 30 ml portion of a reaction solution having a 
cospositio n of 25 g/1 Escherichia coli HM522/pMK7/pMT55 wet 
oells, 25 g/i the HM522/pWT46 wet cells, 150 g/1 
Corynabactarium anmniageaes ATCC 21170 wet cells, 60 g/1 
fructose, 50 g/1 mannose, 15 g/1 KHjPO*, 5 g/1 MjSO4’7Bj0, 5 
g/1 phytic acid, 60 g/1 a® (2Na, 78*0 salt) , 4 g/1 Ejneen S- 
215 and 10 ml/1 xylene was put into a 200 ml beaker, and 24 
hours of the reaction was carried out under stirring the 
reaotion solution with a magnetic stirrer (900 rpn) . 

During the reaction, pH of the reaction solution was 
..ad at 7.2 using 4 H NaOH, and EH*P0 4 was added when 

required- 

By the reaction, 14.6 g/1 ®P-Man <2Na, 18*0 salt) 

was fomd in the reaction solution. 
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Example 15: Construction of gmd, wcaG expression plasmid 

The sansa strand DMA primar shown in SBQ ID 190:20 and 
tha antisanoa strand DMA primar shown in SSQ ID 110:21 wara 
synthesised. Tha PGR was carriad out using the synthesised 
DNA strands as primers r and tha chromosomal DMA of 
Escherichia coll W3110 as tha template, under tha same 
conditions as described in the foregoing. 

After oospletion of tha FCR, a precipitate of DMA was 
obtained by the ethanol precipitation process . The 
preoipitate was dissolved in 20 ^1 of TE. Using 5 ill portion 
of tha solution, the DMA was cleaved with restriction ensymes 
HladXXX and Xbol, tha resulting DMA fragments ware separated 
by agarose gal electrophoresis and then a fragment of 2.3 kb 
was recovered using Gena Clean XX Kit. 

A 0.2 \xq portion of the pBA31 DMA obtained in Exanple 
1-1) was cleaved with restriction ensymes ff i n d l ll and Sail, 
the resulting DMA fragments were separated by agarose gel 
eleotrophoresis and then a fragment of 3.9 kb was recovered 
in the same manner. 

Using a ligation kit, the frapaents of 2.3 kb and 3.9 
kb were subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , Escherichia 
coll NM522 was transformed in accordance with the usual 
process, and the resulting transformant was spread on LB agar 
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nadium SO jig/ml aspieillin and than cultured 

overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the usual process/ 
r i pNKS containing gmri and wcaO was obtained. Structure 

of the plasmid was reoogniaed by restriction enxyme cleavage 
(Fig. 13). 

Example 16: Production of GDP-Fuc 

Escherichia coll MM522/pNK7/pNT55 obtained in Example 
14, NM522/pNK8 obtained in Exasple 15 and MMS22/pMT46 
in Exasple 7 ware cultured in the same manner as in 
Exasple 2, and each of the thus obtained culture broths was 
oentrifuged to obtain wet cells. Also, Car yna h sc t er iimi 
— ATCC 21170 was cultured in the same manner as in 
A y triple 2 , and the culture broth was centrifuged to obtain 
wet cells . As occasion demands , these wet cells een be 
preserved at -20°C and utilised by thawing the oells prior to 
use. 

A 30 ml portion of a reaction solution having a 
cooposition of 25 g/1 Escherichia coli NM522/pNK7/pNT55 wot 
oolls, 25 g/1 Escherichia coli NM522/pNK8 wot cells, 25 g/1 
fffchtrichiA coli NM522/pNT46 wot oolls , 150 g/1 

ivn asmoniagmnes ATCC 21170 wot oolls , 40 g/1 

fructose , 60 g/1 mannose, 15 g/1 KH 2 FO 4 , 5 g/1 MgS0 4 * 7HaO , 5 


- 98 - 



g/1 phytic ac.id, 60 g/1 a© (2Na/7H,0 salt) , 4 g/1 Hymean S- 
215 and 10 ml/1 xylene waa put into a 200 ml beaker, and 24 
hours of tha reaction was carried out at 32°C under stirring 
the reaotion solution with a magnetic stirrer (900 rpm) . 

paying tha reaction, pH of tha reaction solution was 
at 7.2 using 4 N NaOB, and KH 2 P0 4 was a dded when 

required. 

By the reaction, 1.0 g/1 GDP-Fue (2.5Ma, IHjO salt) 
waa formed in the reaction solution. 

17: Construction of neuA expression plasmid 

Chromosomal CIA of Gscbarichie coli K235 (ATCC 13027) 
was prepared in the same manner as in Swaaple 1. 

The sense strand UA primer shown in SBQ ID 1)0:22 and 
the antisenoe strand DNA primer shown in SEQ ID 1)0:23 were 
synthesised. The PCR was carried out using the synthesised 
strands as primers, and the dhreaosoaal BA of 
coll K235 (ATCC 13027) as the template, under the 
same conditions as described in the foregoing. 

After completion of the PCR treatment, a precipitate 
of DMA was obtained by the ethanol precipitation process. 
The precipitate was dissolved in 20 |il of TE. Using 5 |il 
portion of the solution, the DMA was cleaved with restriction 
ensymes ScoRI and BanSI, the resulting DNA fragments were 
separated by agarose gel electrophoresis and then a fragment 
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of 1.3 kb was recovered using Gone Clean II Kit. A 0.2 \iq 
portion of pBluesoript II SK+ DMA was cleaved with 
restriction enzyiws Be eftl and Band , the resulting DMA 
fragments were separated by agarose gel electrophoresis and 
than a fragnmnt of 3.0 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 1.3 kb and 3.0 
yK — » y subjected to ligation reaction for 16 hours at 16 S C. 

Using the ligation xeaotion solution, Escherichia 
celi KK522 was transformed in accordance with the usual 
process, and the resulting transformant was spread on 13 agar 
meditaa containing 50 iig/ml ampicillin and then cultured 
overnight at 30 9 C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the usual process, 
pi Mmmi a pTA12 containing the neuA gene was obtained. 
Structure of the plasmid was recognized by restriction enzyme 
cleavage (Fig. 14) . 

A 0.5 ng portion of the pTA12 DMA was cleaved with 
restriction enzymes dal and Bsafil, the resulting DMA 
fragments were separated by agarose gel electrophoresis and 
the n a fragment of 1.3 kb was recovered in the same mann er. 
A 0.2 pg portion of the pPAC31 DNA Obtained in Example 1-1) 
was cleaved with restriction enzymes da l and BasBI , the 
resulting DMA fragments were separated by agarose gel 
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electrophoresis and than a fragment of 5.5 kb waa racovarad 
in the same manner. 

Using a ligation kit, the fragments of 1.3 kb and 5.5 
kb ware subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution, Es cher ic hia 
coJLx NM322 was transformed in accordance with the usual 
process, and the resulting transformant was spread on LB agar 
medium containing 50 iig/ml aspicillin and then cultured 
overnight at 30°C. 

By extracting a plasmid from the thus grown colonies 
of the transformant in accordance with the usual process , 
neuA expression plasmid pTAl4 was obtained. Structure of the 
plasmid was recognised by restriction enxyms cleavage (Fig. 
14). 

Example 18: Production of CKP-NeuAc 

Escherichia © oli HM522/pTA14 obt a ined in B.smple 17, 
C600/pNALl (Appl ■ Environ. Microbiol . , 51, 562 (1986)) and 
JF646/|*«5 (J. Biol. Oum. , 251/ 5568 (1986)) wax* separately 
cultured in the same manner as in bundle 2, and eaah of the 
thus obtained oulture broths was centrifuged to obtai n wet 
cells. Also, Coryaabactmrivn mmoaiagmoma ATCC 21170 waa 
cultured in the same manner as in Example 2, and the culture 
broth waa centrifuged to obtain wet cells . As occasion 
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, thasa wet calls can ba preserved at -20°C and 
utilised by thawing tha calls prior to usa. 

A 30 ml portion of a reaction solution having a 
ccnposition of 50 g/1 Eachmrichia eoli NM522/pTA14 wat calls, 
15 g/1 Csehariehia coll C600/pMALl wat calls , 25 g/1 
XtofaazichM coll JF646/pMf5 wat cells, 150 g/1 
Cbzynabacterlum ansoaiagaaes AffCC 21170 wat calls, 10 g/1 
orotic acid (potassium salt) , 20 g/1 pyruvic acid (Na salt) , 
40 g/1 fruetosa, 10 g/1 N-acatylmannossmina, 15 g/1 KHjPO^ 5 
g/1 Mg80 4 -7B30, 5 g/1 phytic acid, 4 g/1 NJmeen S-215 and 10 
ml/1 sylene was put into a 200 ml beaker, and 24 hours of tha 
reaction was carried cut at 32°C under stirring tha reaction 
solution with a magnetic stirrer (900 rpm) . 

During fchp reaction, pH of tha reaction solution was 
maintained at 7.2 using 4 N Mats, and KHjP 0 4 was added whan 
required. 

By the reaction, 2.7 g/1 CMP-NOuAe (Na salt) was 
formed in tha reaction solution. 

Exaaple 19: Production of lacto-N-tatraose 
1) Preparation of , 3 -galactosyl transferase 

Namalwa cell line KJM-1 transformed with plasmid 
pAMoERSJWl (Japanese Published Unoxamined Patent Application 
No. 181759/94) containing a gene encoding a fusion protein of 
the IgG binding region of protein A with 
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Pi , 3 -galactosyl transferase was suspended In 30 ml ©£ 

l 

RPM^640 • ITPSGF medium containing 0.5 ag/ml 6418 (manufactured 
by Oibeo) , to a density of 5xl0 4 cells/ml , and cultured at 
37 e C for 8 daya in a Op] inoubator. 

Colls Nora ramovad from tha eultuxa broth by 
oentrifugation, and tha supaznatant waa recovered. Aa 
occasion demands, tha supernatant can ba atorad at -80°C and 
utilized by thawing tha supernatant prior to uaa. 

To tha cultura supernatant in which tha fusion 
protain of tha IgG binding region of pro tain A with 
pi , 3-galaotosyl transferase has bean formed ware added sodium 
azide to a final concentration of 0.1% and than 50 til of IgG 

Sapharose (manufactured by Pharmacia) which has bean pro- 

n 

treated in accordance with the manufacturer ' a ina tractions . 

ij 

The mixture was stirred overnight gently at 4°C. 

After the stirring, the {$1 , 3-galaotosyl transferase* 
linJced IgG Sepharoae was recovered by centrifugation and 
washed three times with 1 ml of REK^40 • ITPSGF medium, and 
than tha IgG Sapharose was used as tha enzyme source of 
pi , 3-galaotosyl transferase . 

2) Prod u ction of lacto-N-tetraose 

Lacto-N-neotetraose (manufactured by Oxford 
Glyaosystans) was fluorasoanoa-labalad by 2-aminopyridine in 
accordance with a known process (Agric. Biol. Cham. , £4, 2169 
(1990)) and mixed with 0.1 U p-galaetosidasa (manufactured by 
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Kogyo K.K.), and than tha mixture was allowed to 
roact for 16 hour* at 37 e C to remove tha galactose at tha 
non- reducing and. 

Tho reaction solution was heated at 100°C for 5 
minutes to inaetivate p-galactoaidaae . 

GloNAcpi-30aipi-4Glc obtained by the reaction was 
used as a ecoqplex carbohydrate precursor. 

A 36 (il portion of a reaction solution containing 0.5 
bM of the complex carbohydrate precursor, 0.5 U the 
pi ,3-galaotosyltransf erase linked IgG Sepharose obtained in 
the above step 1) , 6 |il of a reaction solution containing 

UDP-Gal (5 bK) obtained in Exasple 4, 100 nH Tris-HCl (pH 
7 . 9 ), 10 m HnCl 2 and 2 m p-amrcsptoethanol was allowed to 
p stand for 65 hours at 32 S C to affect the reaction. 

W After collation of the reaction, amount of the 

product in the reaotion solution was measured by 

HFLC under the following conditions : 

Coluain: 

TSK gel 0OS-80TM column (4.6 bob x 30 cm, manufactured 
by TOSOH CORPORATION) 

Liquid phase: 

0.02 K aanonium acetate buffer (pH 4.0) 

Tecperature: 

50°C 
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Flow rat*: 

1 ml /min 
Detection: 

Fluoreacenoe detector (excitation wavelength 320 n», 
radiation wavelength 400 nm) 

Identification of the product was carried out fay 
~« P »y in g elution tine of aminopyridine- labeled laeto-N- 
tetraose with that of the labeled product. 

By the reaction, 0.17 nM (0.12 g/1) lacto-N-tetraoaa 

was formed. 

t.^1* 20: Production of lacto-N-neotetraose 

In the same manner as in Example 19, GldNAc01- 
3Gal$l-4Qlc was prepared from lacto-N-neotetraose and used as 
a caoplax carbohydrate precursor. 

A 36 (il portion of a reaction solution containing 0.5 
bM of the ootmlax carbohydrate precursor, 0.5 O pi,«- 
galaatosyltransferase (manufactured by Sigma) , 6 |il of a 

reaction solution containing UDP-Gal (5 oM) obtained in 
4 1 ioo oH Tris-HCl buffer (pH 7.9), 10 nM MnCl 2 and 2 
oK p-aarcaptoethanol was allowed to stand for 65 hours at 
32 4 C to effect the reaction. 

After completion of the reaction , amount of the 
product accumulated in the reaction solution was measured by 
HFLC under the same conditions of Exaqple 19-2) . 
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Identification of the product was carried out by coopering 
elution of the aminepyridine-labeled lacto -N-neotetrao so 

with that of the product. 

By the reaction, 0.15 oM (0.11 g/1) lacto-N- 

neotetraose was fonnad. 

PhMmyia 21: Production of laeto-N-fuccpentaose III 

IgG Sepharose-linked al,3-fucosyl transferase was 
prepared from namalwa cell line RJM-1 transformed with 
plaaaid (J> Biol, Chen . , 2£S, 14730 (1994)) 

containing a gene encoding a fusion protein of the IgG 
binding region of protein A with al,3-fucosyl transferase, in 
the sane Banner as in Example 19-1) , and used as the ensyne 
source of al,3-fueesyltransferase. 

A 50 pi portion of a reaction solution containing 
0.25 oM lacto-N-neotetraose (manufactured by Oxford 
Glycosystsns) , 1.0 O of the IgG Sspharose-linked al,3- 

fucosyl transferase, 6 pi of a reaction solution containing 
GDP-Fuc (0.25 sM) obtained in Exaaple 16, 100 a M Tris-HCl 
buffer (pH 7.9) and 10 aM MnCl, was allowed to stand for 24 
hours at 37*C to effect the reaction . 

After coapletion of the reaction, amount of the 
product apnmril wired in the reaction solution was m e as ured 
using a sugar analyzer (DJC-500) manufactured by Dionex. 
Identification of the product was carried out by comparing 
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elution of lacto-H-fueopentaose XII (manufactured by 

Oxford Glycosyatsma) with that of the product. 

By the reaction, 0.21 nM (0.18 g/1) lacto-H- 

fUcopentaose XXX was formed. 

22: Construction of al , 4 -galactosyl transferase 

(lgtC) expression plasmid 

DMA of Mslsserla gonorrhoeas (ATCC 33084) 

was prepared in the same manner as in Bxasple 1. 

The sense strand DHA primer shewn in 8EQ ID MO: 24 and 
the antisenoe strand DHA primer shown in SBQ XD HO: 25 were 
synthesised. The PCR was carried out using the synthesised 
ONA strands as primers, and the chromosomal DMA of Mini iwrnria 
gonorrhoeas (ATCC 33084) as the template, under the same 
conditions as described in the foregoing. 

After cospletion of the PCR treatment, a precipitate 
of DMA was obtained by the ethanol precipitation process. 
The preeipitate was dissolved in 20 (il of TE. Using 5 (il 
portion of the solution, the DHA was cleaved with restriction 
ensysms HiadXIX and SamBX, the resulting DHA fragments were 
separated by sgarose gel electrophoresis and then a frapnant 
of 1.0 kb was recovered using Gene Clean IX Kit. A 0.2 )ig 
portion of the pPA31 DHA obtaine d in Example 1-1) was cleaved 
with restriction enzymas HlndXXX and BssfiX, the resulting DHA 
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fragments ware separated by agarosa gel electrophoresis and 
tw a fragment of 4.2 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 1.0 kb and 4.2 
kb «axe subjected to ligation reaction for 16 hours at 16°C. 

Using the ligation reaction solution , Escherichia 
f gj i NM522 was transformed in accordance with the usual 
process, and the resulting transformant was spread on LB agar 
medium containing 50 Mg/ml ampicillin and then cultured 
overnight at 30°C. 

By extracting a plamnid from the thus grown colonies 
of the transformant in accordance with the usual process, a 
lgtC expression plasmid pOT3 was obta in ed. Structure of the 
ms recognised by restriction enzyme cleavage (Kg. 

15). 

Example 23: Production of globotriose 

Emcbmrlchia eoll NM522/pNT25/pNT32 obtained in 
4 and Escherichia eoll MM522/pGT3 obtained in Exasple 
22 were cultured in the same manner as in Exanple 2, and 
of the thus culture broths was centrifuged to 

w rot cells. Also, OorynabacteriisB aamoalagenes ASCC 
21170 was cultured in the same manner as in Exasple 2 , and 
the culture broth was centrifuged to ob t ai n wet cells . As 
demands, these wet oells can be preserved at -20°C 
and utilised by thawing the cells prior to use. 
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A 30 ml portion of a raaetion solution having a 
oosyosition of 50 g/1 Escherichia coll KM522/pNT25/pNT32 wet 
cells, 50 g/1 Eachmrichia coll SM522/pOT3 wet oells, 150 g/1 
Corysabacterium ansoniagenea ATCC 21170 wet oells, 100 g/1 
fructose, 100 g/1 galactose, 100 g/1 lactose, 15 g/1 KBjFOf, 

5 g/1 MgSO,- 7HjO, 5 g/1 phytic acid, 10 g/1 orotic acid 
(potassium salt) , 4 g/1 NYmeen S-215 and 10 ml/1 xylene was 
put into a 200 ml beaker, and 36 hours of the reaotion was 
carried out at 32°C »"daT- stirring the reaction solution with 

a magnetic stirrer (900 rpm) . 

During the reaotion, pB of the reaction solution was 
— aad at 7.2 using 4 N MaOB, and galactose, lactose, 
fructose and KHjSO, were added when required. 

By the reaction, 188 g/1 glbbotriose was formed in 

the reaotion solution. 

Colls were removed fxon the reaction solution by 
centrifugation, and a 10 ml portion of the thus obtained 
supernatant was purified by employing a process in which 
activated carbon was used, thereby obtaining 1.5 g of 
globotriose as white powder. 

24: Production of <5alal-4Gaipi-4GlcNAe 

Escherichia coll NM522/pNT25/piNT32 obtained in 

4 and Kschaxichia coll NM522/pGT3 obtained in Example 
22 were cultured in the same manner as in Exaiqple 2, and 
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M oh of tha thus obtained culture broths was oantrifUged to 
obtain wat oells. Also, Coxynehscteriiss sm a wn aganss AXCC 
21170 was eulturad in tha same manner as in Bxasple 2, and 
the cultura broth was centrifuged to obtain wat calls. As 
demands, these wet oalls can be preserved at -20°C 
and utilised by thawing tha cells prior to use. 

A 30 ml portion of a reaction solution having a 
composition of 50 g/1 Escherichia call NM522/pNT25/pNT32 wat 
calls/ 50 g/1 Escherichia c o ll NM522/pOT3 wet cells, 150 g/1 
Corynabacterium anncniagenas ATCC 21170 wat oalls, SO g/1 
fructose, 50 g/1 galactose, 96 g/1 H-acetyllactosamina, 15 
g/1 KHjFO*, 5 g/1 MgSO^HjO, 5 g/1 phytic acid, 10 g/1 orotic 
acid (potassium salt) , 4 g/1 Nymeen S-215 and 10 ml/1 wylena 
was put into a 200 ml beaker, and 23 hours of tha reaction 
was carried out at 32°C under stirring the reaction solution 

with a magnetic stirrer (900 rpm) . 

During the reaction, pH of the reaction solution was 
maintained at 7.2 using 4 N NaOH, and galactose, fructose and 

KHjPO* were added when required. 

By the reaction, 10 g/1 Oslal-4Galpl-4GlcNAc was 

formed in the reaction solution. 

Cells were xemved from the reaction solution by 
centrifugation, and the formBd product was purified from a 30 
ml portion of the thus obtained supernatant by enploying a 
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process in which activated carbon was used, thereby obtaining 
0.2 g of Galal-40alpl-4GldNRa as white powder. 

25: Construction of (31 , 4 -galactosyl transferase 

(lgtB) egression plasmid 

The sense strand DN A primer shown in SBQ ID NO:26 and 
the antisence strand D HA primer shown in SBQ ID NO: 27 were 
synthesised. The PCR was carried out using the synthesised 
WK strands as primers, and the chromosomal DM* of N. 
gonorrhoea* (ATCC 33084) as the template, under the same 
conditions as described in the foregoing. 

After coapletion of the SCR treatment, a precipitate 
of DNA was obtained by the ethanol precipitation process. 
The precipitate was dissolved in 20 |il of TB. Using 5 | U 
portion of the solution, the DNA was oleaved with restriction 
enzymes Hindlll and Banfll, the resulting DNA fragments were 
separated by agarose gel electrophoresis and then a fragment 
of 0.8 kb was recovered using Gene Clean II Kit. A 0.2 MG 
portion of pBlueseript II SK+ DNA was cleaved with 
restriction enzymes KindlH and Banal, the resulting DNA 
fragments were separated by agarose gel eleotrophoresis and 
then a fragment of 3.0 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 0.8 kb and 3.0 
kb were subjected to ligation reaction for 16 hours at 16°C. 
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Using the ligation reaction solution, Escherichia 
rr ,j j mmS 22 was transformed in accordance with the usual 
process, and the resulting transformant was spread on I* agar 
containing 50 iig/nl aigpicillin and then cultured 

ovunight at 30°C. 

By extracting a plasmid from the thus grown eolonies 
of the transformant in acoordanoe with the usual process, 
pNT60P containing the IgtB gene was obtained. 
Structure of the plasmid was recognised by restriction enayme 


olaavaga (Fig. 16) * 

A 0.5 ng portion of the pOT60P BNA was cleaved with 
restriction ensymes del and SasBl, the resulting DMA 

fragments were separated by agarose gel electrophoresis and 
then a fragment of 0.8 kb was recovered. A 0.2 W portion of 
the pPAC31 DKA obtained in Example 1-1) was cleaved with 
restriction ensymes Clal and Basfil, the suiting DMA 

fragments were separated by agarose gel electrophoresis and 
than a fragment of 5.5 kb was recovered in the same manner. 

Using a ligation kit, the fragments of 0.8 kb and 5.5 
kb were subjected to ligation reaction for 16 hours at 16*C. 

Using the ligation reaction solution, Escherichia 
Mil NMS22 was transformed in accordance with the usual 


process, and the resulting transformant was spread on LB agar 
medium containing 50 Mg/»1 aspicillin and then cultured 
overnight »t 30°C. 
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■ r i. 26: Production of K-aootyllaetoaamine 

call HMS22/POT60 obtain*! in Em*-* 25 
and EmebrnriehiM eoli NM522/pNT25 obtained in fccm*>lo 3 «» 
cultured in the same manner as in Ex*H>l« 2, and each of the 
thus obtain*! culture broth, was centrifuged to obtain wet 
call.. AlWf Ooaynabactariwa ««**«.. *TCC was 

culturad in the »«nar a. in Example 2, «d tha culture 

broth wa* centrifuged to obtain wot colls. *» occasion 
d^anda, these wet cell. «n be prasa*vad at -20'C and 

utilised by thawing the oall. prior to use. 

A 30 al portion of a reaction solution having a 

edition of 50 ,/l ooll »6S2/^f25 ~t -U-. 

50 ,/l IKtorleOi. °°“ -U *' l “ 

— »i*o~ 21170 -* 10 ,A 

^tio ~id (potM.i»t .^tl , 100 g/i f~otd«- 100 9/1 »- 
aontylglucoMmin. , 100 g/1 g^«*n~. « 9/1 5 « /l 

MgSO.-lliP, 5 ,/l Phytl. Mid, 4 g/1 <*— > s ' 215 — 10 01/1 
W l— ... pttt into . 200 1 b-to. — 54 hod" =' «- 
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motion was oarriad out at 32°C under stirring the reaction 

solution with a magnetic stirrer {900 rpm) . 

During the reaction, pH of the reaction solution was 
.t 7.2 using 4 H HsOH, and galactose, fructose and 

KH 2 P0 4 «or» aririsri whan required. 

By the reaction, 114 g/1 H-aoetyllactosamine was 

formed in the reaction solution. 

Br.— yia 27: Production of lactose 

Escherichia coli UM522/pNT60 obtained in Euaaple 25 
and coli HM522/pMT25 obtained in Bxaapla 3 were 

cultured in the same manner as in Example 2, and each of the 
obtained culture broths was centrifuged to obtain wet 

cells. Also, CbrynobacteriMB — ’ *«* 21170 
cultured in the same smnner as in MU* 2, and the cult*, 
broth was centrifuged to obtain wet cells. As occasion 
depends, these wet cells can be preserved at -20°C and 

utilised by thawing the cells prior to use. 

A 30 ml portion of a reaction solution having a 
exposition of SO g/1 Escherichia coli NM522/pNT25 wet cells, 
50 g/1 Escherichia coli NM522/pNT60 wet cells, 150 g/1 

corynebacterium ssnoniagenss ATCC 21170 wet cells, 10 g/1 
orotic acid (potassium .alt), 115 g/1 glucose, 115 g/1 
galactose, 15 g/1 10,90., 5 g/1 MgS0.-7H^, 5 g/1 phytic acid, 
4 g/i Eymean S-215 and 10 ml/1 xylene was put into a 200 ml 
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„ hour, of the -action carried out at 32«C 
*«*“' «d 15 hours ma _ atic 8 tirror (900 

tv stirring the reaction solution on 

rs “* ‘ a th* reaction solution was 

»«***» “* c *“ ao “' ** ^ „J0 «kW *“ 

Mintoln*d .t 7.2 ->—» 

o/1 i*rto» >» Co™* “ **" 

By the reaction, *9 g/i 

reaction solution. 

Bdeiobi- cXi «O!2/P««0 ^ ^ 

_ jiariehia eoli NK522/pNT25 obtained m B» a 

u *» “« ta “ 

- 1 *“ “ - .- .^.2. --»««• 

- » ^ 4_v A ■**"<» manner e» ■ 

^ hIcthI ... e„aif»9«l » *«*i« “ t 

thu* obtains* - XTC C 21110 «* 

cells. Also, Oorynabaete rim 2 , and the culture 

cultured in the same -nno* “ “ ' occasion 

centrifuged to obtain wet cells. *» 
broth was oentrifugea preserved at -20'C and 

^ can be pre»e*^^* 

d«nands, these wat cells can 

* & *’ iM *• mr ~i«ti» «*« . 

^.itloo WS22/HB00 -t ouu. SO «A 

50 ,A 5«=5. rt «M. W500/5*" 

Md* "‘ “-11. 10 ,/l 

*®“ 211,0 “ 
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orotic cold (podod d«>, U» 115 9/1 

joined., 15 9/1 BW°.. * W™*' 5 9/1 ptyti ° 

i ,/l meow 3-215 and 10 »1/1 Wld *•* I"* lI> “ * M ° ^ 
rT -~ „d 13 hoor. of the cowtioc — coded out ot 3?C 
..-O.. .tidtg the detiou dutiou rtth . “oocctie .tide 

(900 zpm) . 

Bering the dotion, 93 of tho rdtion dutiou «oo 
dndd ot 7.3 using 4 * Kd, d 3H..0. d odd *» 

required. 

By the reaction, 5 g/1 globotrioae wa. for»d xn the 
reaction solution. 

Tfl pnggRi* T ftfyx.TCftBlLICT 

The present invention render* poaaiMe efficient 
^ pduotiou of . d. nuolootidn *d . ouolwtid. 

pr^ow d . ougor .. «*• «». •“*“”» “ 4 °* * 

Wd- dK- *”» «“ • J ’“ ““ * 

carbohydrate precursor. 
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